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C hapte r1
Introduction
1.1 Ba ckgr ound
1n the fie)dof lallds c ape a r chite ctu r e, vis u ali7･ ation ha sbe e n m ainly u s ed fo r
a c c u r ately a n alyzingla nds c ape r esourc e s, for predicting cha nge s of la nds c apeby
propo s edplan s a nd fo r a s s e ssing visualimpa ctbythe cha nge s(Fridley eLal. , 1991;
Lange, 1994; Orland, 194;Be rge n et all , 1998; McGa ugl- ey, 1998). lnla ndscape
●
pla n ning, vis u ali7･atio n of la nds c apeis apo w e rfulto ol fo rpublic u nde rsta nding a nd
fo rs ele ctio n ofa]te rnativ epla n s
T he vis u aliz atio nto ols thatha v ebe e n u s ed fo rlands c ape a r chitectu r e c a nbe
cla s sified as a n alog o rdigital te chniqu e s(La nge, 2 001). An alog vis u aliz atio n
te chniqu e s a r e sketche s, Photo m o ntage s,physic al m odels, m ode]s c ope, a n alog vide o
im aging, a nd s o o n. D igital visu alizatiol= e chniqu e s ar edigital photo m o ntage s,
■
digita一im age pr o c e s sing, digital vide oinl age Pr o c e s sing, c o l叩 し1te rgr aPhic s(CG)
(Saito etal･ , 19 91;Orlald,1994;Bel･gell et al】998)a nds o o tl. Wc c all S ele ct alld use
o n eor m ore ofthe s evis u ali7. atio nte chniqu e s a c c o rdjllglo obje ctiv e s a nd scaJc s of
､
■
pla n ning.
Tn re c e ntye a rs, a m o ngthe s ete chJliqu e sthr e edim e nsional(3 D)C Gw e r e u sed
a s vis u aliz atio nto ols ofe n vir o n m e ntbe c a u s eitha sthe abilityto a c c u ratelysim ulate
●
the cha nge s c a u s ed by apropo s edplan. The se adv a ntage s or 3 Dvis u aliT.atio n c a nbe
appliedtothefe edba ckpr o c e ss, which isimpo rta ntto s e)e ct the alte r n atjv e s a ndto
dis c u s stheplal ningbetwe e n e xpe rtgr o ups a ndthepublic
●
1n thela nds c ape sim ulatio n, r e ality ofthe sinl ulated im ageis v e ryimpo rta nta nd
re c e nt adv aII C e Sin c o mpute r vis しI aliz atio ntechnologyallow ed u sto sim ulate a nd
vis u aliz e n atu ralc o mple xfo r m s a ndphe n o Tn e n aSu ch a spla ntgr o v^h a nd effe cts of
cha nge sin atm o sphe ric c o ndito n s a nd Tight(Erv ]
'
n a nd llasbr o u ck
,
1999; Sipes,
1994).
Sin c ei980
■
s
,
the improv e m e nt in c o mpute l
･
te chn ology a nd digtal pla nt
m odeling e n abled photo -r e a一istic a ndhighqu ality sim ulatio n or la nds c ape(Ho njo,
1 993; Muhar, 2001)･ M a ny res e ar chers sim ulated r e alistic la nds c apeim age s using
pla nt m odeling sin c eHo njo et al.(1992)propo s edthe applic ation ofthe 3D plalt
i
m odeling to the la nds c ape sim ulaLjo n･ Saito et all (1993) m ade the photo-re alistic
sim ulatio n im age s or fo r e st la nds c ape s. M o rim oto (1993) sim ulated hislo ric aJ
Japa n e s ega rde n s･ Tio njo a nd Takc u chi(1995)ge n e r atedtheim age s orthe c a mpu s
la nds c apet T he s e r e s e a r che s sho w ed that applic atio ll Orthe pla nt m ode】i11g tO the
la nds c ape sim ulatio n w a s v e ry effe ctive･ lnthe s e c a s e s of la nds c ape sim ulatio nby a
pla nt m odeling, staticim age s w e r e mainly u s ed be c a u s ethe n u mbe r ofpolygo n sthat
c o mpris edsim ulateds c e n e ry w as v e ryla rge.
In the l eXt Step Ofthela nds c ape vis u ali
p
L atio n
,
w alk-thr o ugh anim ation o rr eal
tim e r e nde ring of la nds c ape w e r ede sir ed a nd applicatio n of virtual re ality(VR)
te chniqu e w a s c o n side r ed a s o n e ofthe s olutio n s(Ho njo etal. , I9 92). Virtu al Re ality
ModelingLa ngu age(V R M L)is ahighperfor ma n c ela ngu agefo r3 Dvis u aliz atio n o n
the Wo rld W ide Web(W W W)and3 D info r m atio n c a nbe e a silytr a n sfe r r edthr o ugh
theInte r n et(Ho njo andTake u chi,1 997;Ho njo a nd Take u chi, 1998), Applic atio n of
VR and V RML withpla nt ∩- odelingtola nds c ape vis u aliz atio nis m ain topicintl-is
studyanddetails ar edes c ribed ill n e xtChapte rs.
I.2 Pr e vio u s r e s e a r che s
.l.2･l Pla nt m odeling
The shape of pla nt c a nbe m odcJed by adding gc o m ctric al sLr u ctuI
.
C S tO
topologic aJstru ctu r e s.
At thefirststage ofpla nt m ode)ing, Ho nda(197
1
1)sho w edthata v a riety oftr e e
pattem s w e r em odeled by cha nging s o m ege o m etric alpar a m ete rs of a m odel witll
t
ve rysimpletopologic a】str u ctu r e,
F-･a ctal is o n e oftypicalthe o rie sin pla nt n 10deling a nd des c ribe sbl
･
a n ching
patte m orpla nts. M a ndelbr ot(1977), whodevelopedthetll e O ry, m e ntio ll edthat tr e es
ha v efr a ctal cha r a cte ristics. Op penheim er(1986) a nd Ba r n sley(】988) m ade C G or
●
pla nts u singthetheo ry offr a ctal.
L-system de veloped by Linde --れ aye r(1968a,b)is als o athe o ryfわrde s c riptio n
ofthebr a n ching pattern ofpJa ntsI M a ny r e s e ar cher sge n e r ated C Gofplantsbyusin島
●
thethe o ry of L-syste m(S mith, 1984;Pru sinkie wic z et alリ 1 988;Prusinkie wic z a nd
Lindel maye r,I990).
M a ny inte r e sting plant m odels have be e ndevelopped in the [l eldof C G･
Kaw agu chi(1982)m ade C Gorthe tr e e ortll e u niqu e shape. Ga rdn e r(1984)nl ade
C Gof
､
thetr e eby u singte xtu r edqu adric su rface s. 人o n o a nd Ku nii(1984)de v eloped
2
a m odel which w a ssimilar to fllo nda
'
s m ()dcl a nd sho w edthat m a ny plalltS W e r e
m odeled by u sing simple lopoJog]
'
c a】 stru ctu r e s. Blo o n l e nlhal(1985)m ade r e alistic
C GoF m aple･ Re eve s(1985) m ade r e alistic C Gorc o nirc rsbythe paJlicle syste m.
Togaw a(1988)e xpr e s s edshape s of mo w e rs with m alhe m atic alc uT･Ve S. Vie n n ot et al.
(1989)developedthe algo t'ithm which e n abled to m odelthe dc sir ablc tree shape
Gl.C e lle(1989)m ade C Gol
'
p7atltSlikeivyby v o x e】r c nde riJlg.
Ar chite ctu ral Model de v cJoped by llaHe el al. (1978)js a Lhm o u sbotanic al
m odel Fo rthede s c riptio ll OrtOPOlogic alsLr u ctu rc sofp]a nts∴r
'
11Cy Sho w edthat m a ny
●
tr opic a一pla nts w e r e classiLiled1
'
nto abo ut20 kinds ofa rchile ctul･eby u singthe m odel.
Byu singArchitectu r al Model,r)eRefFye(I()83)sho w ed nla nyPla nts w eI
･
e abletoI) e
m odeJcd･T)e Reffye etat(1988)als o 111 adehighqu alityC Gofpla nts.
T hc T･e a r e m a nykinds oftre e s with ve ry c o mp]]
'
c atedlopologic alstr u ctu r e sin
thete mpe r ate z o n e a nd Al
･
Chite ctu ral Modelis not effectiv efわrthem . De Rcffye eta]
(1990)de v eloped Physiologic al Age Model. In this n 10del, Refe r e nce Axis w a s
defTl n ed alld a s et ofpar am ete rs w a s allo c ated at e a ch Phys)
1
oJogic al Age alollgthe
Rel
l
e r e n c eAxis･ P hysio)ogical Age Model w a s applied to pla nt m ode)ingin VR
(Lec oustr e et al., 19 92)I
]･2･2 La nds c aT) CVis u aliz atio nbythre edim e n sio n a)pJ,1 nt m OdcJing
lnla nds c ape vis u ali7.atjo nby3 D C G, qu ality orp]a nts plays a llimporta ntI
･
Ole.
M a ny r e s e al
'
Che rsha v e studiedr e aJisLjc pla nt m odeling. 1うy u singte chniqu es oL
､
plallt
■
m odeling, v e ry r e alistic sim ulatio n s or )a nds c apes hav ebc c n n l ade ro rla-1ds capc
■
plallrlingalld e stilllatioll.
3 D p)a nt lTI Odelillg ha sbeetl a)s o u s ed to develop la nds c ape vis u ali7.atio n
syste m s s u ch a sAtelie rde Mod dis atio llde Ar chi†e ctu r cde r
']a nts (^ M ∧P) (I)c
Rerrye et al. I 19 88)and Va nlageI-oillt(下rid)eyet al., 1991). Tle S e Syste m s W C r C able
to sim ulate r e alisticim age sby s etting3 Dpla nt m odcJing o nthe tc r]
･
ain bas ed o n
digital te rr ain m odel via agr aphic u s e rinterlac e(G u)(Bcrgen et aJ. , 1 998).
P hoto -r e alistic im age s of a la Tge-sc ale oT landscape w e r e sim ulated by u sing
P
ge ogr aphjcal info r m atio n syste m s(GIS) a nd pla nt m odeling(Saito et aI., 1993;
Pe rrin et al･
,
2001)t lrlthe se sim uJalions, br a n ch, twigs, flo w el.S a nd le ave s of 3 D
pla nts al
-
e all de scl.ibed by s ets orpotygo-1S. T he ll し1 nlbc r orthe polygoll S V a l
･ie s
betw e en tll OtlS a-1dsto l¶illiollS alld edsla rge a m o ulll oFtim efbI
･
the r e nde rill昌 alld
w alk-thro ughsim ulatio n w a sdiffT)c ultin m odeled la nds c ape･
芸
1･2･3 La nds c ape vis u a)iz atio nbyvirtu a)r e ality
VR hasbe e ndefin ed as an enviro n m e nt c r e ated bythe c o mpute rin whichthe
u s e rfe elspre s e ntin a realsitu atio n(llo njo,1 992;Bishop,2 001). Rape r et al.(1998)
cla s sified VR system sinto
=
irn m e rsiv e
H VR syste m s a nd
"
thr o ugh-the- windo w
n VR
syste m s･ F:ull
uim m ersive
H V Rsyste m s u s eh ad- m o u nted displays, audio spe ake r s,
m o ving platfo r m s a ndta cti)eglove sto givethepa rticipa nttheim m e r siv ce xpe rie n c e
P t . /ヽ 1 . .● 1 J . ●
within the villu al w o rld･
H
T hr o ugh-the- windo w
h VR system s, which display
r e al-tim e r e nde ringim age s ofthe viTlualw o rlda c c o rdingto the m oving vie wpoint
+ /1 .1 + . 1 1 1 1 4 . .1 t +
o ntw odilll e n Sio n al(21))m o nito rscI･e e n S, requir ehigh- end c o mpute r syste m swith
highperfわr m a n c eg柑pllic sdisplayc a rds.
ln the rl eldof
､
Ia nds c apear chite cture, Ho njo(1992)dis c u s s edthe po s sibility of
V R fb-･ la nds c apeI-r edictioI- andshow edt-e c o n c ept ora V Rsyste mfわrla nds c ape
pr edictio n. V R, wl-ich enable sto w alkthro ugh in a -m odeledpa rk o l
t in a vis u alized
fore st, w a sexpe cteda sthe adv a n c edte chniqu e ofla nds c apevisualiz ation(Ervin and
Ha sbr o u ck,1999;Dal- ahy,2 001;Orla ndetal., ユool).
Seve r al V Rsyste m s w e r ed v eloped a stools fo rla nds c apepla n ning･ Orla ndet
▼
al･ (1994)de v eloped Sm a rtFor e st syste m whicllis a vis u aliz atiollto ol rbr fわr e st
la nds c ape･ Raper et aJ. (1998) m ade virtua一 enviro n m e nts byJinkillg a e rial vide o
im age sto m apa ndbyshowing3 Dte rr ain m odelin r ealtim c. T)a nal1y(2001)sho w ed
a pa n o r a nlic pr eseI-tatio n syste ロ- by u sing c o mptltel
･
S (Silic o llGr apllic s ()2)
synchr o nized o n a n etw o rk a nd Liquid Crystal Disp)ay (i.C l)) proje ct()rs. 1
'
Ilis
system displayedT e a)-tim epa n o r a micim age s ofm odeled )a nds c apc a nd a])o w edtll e
vie we rtolュaveim m e rsiv e e xpe rie n c e s within adisplayedsc e n e. Bisll Ol) et al.(2001)
de v eloped a VR syste m c apable ofc o ndu cting a n a sse s s ment ofpath choic e so n a
c o u ntlγ W alk.
V R M L is ala ngu age fo rthr e e-dim e nsio n al vis uali7- atio n o nW W W･ Ma ny
r e s e a r che rs also de veloped 3 Dte rain vis u aliz atio n syste m sby u sing VR M L
●
F airbair n a nd Pa rsley(I997)intr odu c ed V R M L To r c a rl
'
ogr aphicpr e s e ntatio n. ∫
-lo njo
and Take u chi(1998)de v eloped a vis u aliz atio n syste m of 3D terrain u sing VR M L.
They sho w ed the po s sibility of V R M Las ala ngu age fo r3 D vis u aliz atio n of
la nds c ape･ M o o r e et al･(1999)de v eloped a3 Dte rrain visualizatio n syste nlby u sing
Java a nd V R M L for stude nts to e xperie n c efieldw o rk e nvir on m e nts thr o ugh V R.
Hu a ng a nd Lin(1999)de v eloped a3 Dte rrain vis u aliz atio n syste m called Ge oVR by
linking V R M Lwith Gis. GeoV Re n abled the co nversio n ofthedata of 2 D GIS illtO
V R M L fbr m at･ Lin et al･(1999)pres entedfo u rpr a ctic als olutio n s(i. e. u sing VR M L
4
a ndJava
,
Ja v a a nd Ja v a3 D
,
VR M Land ActiveX a ndJava w r appe r cla s s e s)fo r3 D
te rr ain vis u ali7･atio n･ T heysho w edthat e mploying VR M Lw a s ago od w ayto m odel
m ulti-dim e n sio n al data sets･ Hu a ng a nd Ljn (2002)developed a ge ogr aphic V R
to olkil by u sing VR M L, Ja v a a-1d col¶I--On gate w ayi11te血 c e(C GI). Doyle et al
(1998) dis c u s s ed the pote ntial or VR te chn ologie s in cluding VR M L for the
vis u aliz atioll･ M orris on a nd Pur ve s(2002)sl- o w ed e x a mple s or V Rtecl111 0logies
in cludingVR M Lfわr3 Dte rr ain vis u aliz atio n.
1･2･4 La nds c ape a s s e s s m e nt u sing thr ee dim e n sio n a) c o mpute r
■
gr aphics
The validity ofu sing 3 D C G im age s a s a substilule fo r a ctu al la nds c ape sin
la nds c ape as s e s s m e nt w a s e x aI ¶in ed byse veralre sea rche r s.
As e x a mples ortll e us e Of static im age s, O h(1994) studied a pe r c eptu al
effe ctiv e nes s of fou rtypes of c o mpute r sim ulatio n s(wirefr a m e, s u rfa c e model,
c ombinatio n ofs u rfa c e m odel im age s with s c a n n edphotogr aph,im age proc e s sing)
a nd indicated im agepr o c e s singsim ulatio n s w e r e m osteffective. Be rge net al.(1995)
c o ndu cted apublicpr efe r e n c e s u rvey a ndc o mpar edphotographs offbrc st)a nds c ape s
with C G im age sto e x aminethe v alidity of C G in roT
･
eStla nds c ape s.
'
t
､
tl Cy u s ed 3 D
■
C G im age s sim ulated by u sing 3 DpJa nt m odel a nd digitalte r rain m odeJ･ lJa ngC
(2001)sho w ed that a virtu al)ands c ape with a ve ry dctailcd o rLhophoto m ade by
a e rialphotographs and 3 D C Gc o u)d be u s ed a s v alidr epr e s e ntatio n s ()rthe r c af
la ndsc ape.
Davidet al.(2001)m ade a nim atio nim age sby G7Sc o upledto31) vis u aliz atio ll
te chn ology a nd c o ndu cted vis u al impa ct as s e s s m e nt o thelnte r n cL a nd show edthat
thelnte r n et w a s u s efulto ol fo r c o m m u nic atio nbelw cen stakehoJde rs andplan n e rs.
Bishopetal.(2001)de v eloped a virtu alen viro nm e ntto m ake VRim age s. T hey
c o ndu cted a n a s s e s s m e nt ofpath choice s o n a c o u ntry w alka nd sJ1 0W ed that the
pote ntialofvirtu alen vir o nm enta s abasisfわrlands c ape e valu atio n.
1･3 Obje ctiv eofthe pr e s e ntstudy
ln this study, we m ade a VR syste m by u sing V R M LI T he V R M Lsyste m
●
e nable s re al-tim e villu al e xperie n c e of w alk-thr o ugh sim ulation in a plan n ed
lalds c ape,
Applicatioll Or V Rtola nds c ape pla】- ni-1g Willm ake the pl
･
eCise recognitio n of
■
the plan po s sible, butitn e eds r e al-tilTl e r e ndering ofthela nds c ape a c c o rdingtothe
5
nl O Ving vie wpoint･ Befo r etheintr odu ctio n of V R ML, the VR syste m s c o n sisted of
expe nsiveinput and o utputde vic e s a nd ahigh-perfo r m a n c e c o mpute r. W iththe V R
syste m which w ede v eloped inthis study,itis po s sibleto m ake V Re n vir o n m e nt o n
theInte rn et o n ape rs o n alc o n -pute rec ol-O mic ally.
T he obje ctiv e ofthepr e s e ntstudyistode v elop ala nds c ape vis u aliz,atio n system
c apable ofw alk-thr o ughs)
'
m ulatio n sby u sing V R M Landto c o nrlr mthefea sibilty
ofthe syste m o nthe W WW ･ Withthede v eloped vis u aJiz atio n system . w e vis u aJizcd
a v a riety of
L
la nds cape sin o rde rto c o nfir m the fe a sibility orthe syste m･ We als o
te sted a nd discu s sedthe validity ofim age s m adebythe VR M l･ syste m a s a stim ulu s
fo rlands cape a s s e s s m e nt･ Wc de v elopedLll e)a nds c ape visualiz atio n syste m s which
en able s e rv e-･ side ge n e r atio n or VR M Lprogr all-S by using Co m n - o nGate w ay
●
Inlerfa c c(C Gl)a nd Pr a ctJ
'
c al Extr a ctio nand Repo rtLa ngu age(PE R L).
Tl-isdis s e rtatio n c o n sists of
-
s e v e l- Chapters :1n Chapte rI, ba ckgr o u nd, pr e vious
r e s e ar che s a ndthe object]
'
ve ofthis study a r egiv e n･ Weintr odu c edpr e vio us studies
o nthe applic atio n s of V Rand VR M Ltola nds c apevis u ali7･atio nwithpla nt m odeling.
C hapte r2 des c ribe sthedevelopm e ntorvis u aliz atio n syste m orla nds c apebyVR M L･
TI- es uitability orV R M Lastl- ete chT- Ology or la nds cape vis u aliz atiol-is e xplain ed
a ndthe vis u aliz atio npr o c edu r eby VR M L is de s c ribedin detail. Wc als oilltr Odu c cd
pla nt m odelingsyste m, AM A P, which is usedto m akedatabas e of 21)pla ntJ
'
m agc s･
1n C hapte r3, the applic ability ofthe developed syste m fo r s m aHI S C a]c la nds c ape
vis u aliz atio nis sho w n･ T he VR M L im ages ar e c o mpa r ed withthe photoim age s or
the a ctu al la nds c apes to e v alu ate the r e ality of V R M L im age s･ (n C hapte r4, Lhc
fe a sibilityofthe syste mfわrthe vis u ali7- aLim ofla rge
-s calefo r e stla nds c apejs show n･
C hapte r 5 sho ws the validity of V R M L im age s a s a stim ulus To rlandscape
a s s e s s m e nt･ We c o ndu cted la nds c ape a s s e s s m e nt e xpe rim e nts bothin the)abo r ato ry
and on the lnte r n et･ T he r e s ults of both e xpe rim e ntsis co mpar ed a nd discu s s ed. In
Chapter 6, s e r v e r side ge n e r atio n ofVR M Lprogra m sby u si-1g C GIand P E R L is
■
de s c ribed. Su m m a ry a ndo utlo okofthis study aregivenin C hapte r7･
■
T he c o nte nts ofthe study qu oted abov e we r epr e s e nted inIlo njo(I993),I-Io njo
et aI･(1999), Ho njo et al.(2001), Lim et al･(2000a),t-im et al.(2000b),l､io njo a nd
I･im (2001), Lim a nd Ho njo(2002), Linl a nd lio njo(2003a) and Lhn a nd Ho njo
(2003b).
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Chapterユ
I)c v elopm ent of Vjs u a)jz atio n Syste m of La nds c ape by
V R M L
2.1 Vis u aliz:atio n syste m of)a nds c ape by V R M L
ユ.1.1A bout the V R M L
VR M Lis on e of Web3dte chn ologies, which a r e u s edto deliv erinte r a ctive 3 D
obje cts a nd w orlds ac r o s stheInte r n et. Seve ralWeb3dte chn ologies s u ch a sPuls e3D,
Cult3 D, Vie wpoint al-d Sl- o ckw a v e3 Delc･ a r ede v eloped o rbeingde v eloped -l ow
buto nlyV R M Lc a nbepr a ctic allyu sedfo r w alk
-thr o ughsim ulatio n･
V R M L is ahigh
-
pe rfo r m al- C ela ngu agefo r31)vis u aliz atio n o nthe W W W･ As a
pr ogr a mmingla ngu age a nd library fo r3 Dc o mputer gr aphic s, V R M L has m a ny
●
●
fun ction s s u ch a s shading, s etting objects,. pr oje ctio n, a nd te xtu r e m apping･ V R
w o rlds c a nbe e a silybuiJlo n亡he W W W withthJ
I
ste chn o一ogy,
VR M L1.0 w a sintr odu c ed in1994a nd V RML 2.0(97)wit)l n 10r edyn a m J
'
c a nd
inte r a ctive fun ctio n s w a s m ade in )996. Ge oVR M IJ a nd X3 D, which arc the
s u c c e s s o rs of V R M L, ar c c u rrentlybeillgde v c)oped･ lllthis study, VR M L 2･O w a s
u s edtode v elopthepr e s e ntsystem .
Us e r s w o rking with a bro ws e rthat sup po爪s VR M Lc a n e asily do w nload
pr ogr a m s w ritte nin V R M L fr o mthe W W Wse rv er as sho w ninFig･ 2
- L A3 D irn agc
m ade by V R M L is r e nder ed o nthe lo c al c o mpute r ofthe u s e r. T hc s cVR M L
brow s e rs a r e a v ailblefo rthe W indo w s, M a cinto sh a nd Unix ope r atingsystc m s, a s
w ella s othe rplatfo rm s. ln this study, Co s m oPJayer(Silico n Gr aphics Tn c･) w a s
m aiIly u s eda sa VR M L br o w s e r witllhte r n etExplo r e r(M ic-
･
o s oR I-C･)o nWindo w s
(M icr o s o氏I11 C.).
Wete steds eve r alVRM l- bro w s e r s o nIllte r n etExplo re r a nd o nNets cape witll
Windo w s(98/Me/200)and Macinto sh(O S 9). T he r e s ults ar e sho w nin Table2Ll･
T he r e nde ringspe eds ofthe s eV R M L brow s ers w ere alm o stthe s a m e.
To w rite a nd r u nV R M Lc ode o nly a VR M L brow s e r a nd Inte r n etbr o w s e r a r e
requir ed･ Co s m oPlaye r and othe rVR M L bro w s e rs c a nbedo w nlo aded a sfre e w a r e,
a ndthede v elopm e nte n vir o n m e nt c a nbebuilte c o n o mically.
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VR M Lo nlysup po rts shadingbしItdo e s -- ots upr) o r上r c ndcringte chl-iqu c s s u ch (1 S
r ay t7
･
a Cing a nd shado wing that aI
･
e impo rta nt Tor photo -r e alistic la nds c ape
*
vis u a]iz alio n･ For adv a nced rc aトtim ela nds c ape vis u aliz atio n, a high-pe ro t111 a n C e
gr aphiclibra ry一ike Dir e cLX w 川 be tlS ed inthefutu re.
しo c al Co mpute r
Dovobpm e ntEn vironm ent(Stand AJo n e)
TerT8inData
Textu reData
V R M L Pro;I椅 m
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2. .I.2 VR M La nd vis u aJil･atio n of]a nds e ape
Tn)a nds c ape pla nning, the fe ed ba ckpT
1
0 C e S Sr)10 n l u s e-I tO Pla n n e r a s sho w njn
●
Fig. 2-2 is impo rta nt. VRM IJ is s uitable fo rthis fe ed ba ck pr() c e s sbe c a u s e
＼valk-thr o ughsim ulatjoll O nthelntelll etC O nlt
l
l
'
bute sil一the u s c r
'
s u nde rsta ndingorthe
●
pla n nillg.
■
Applicatio n oF V Rto la ndscape pla n nillg Willm ake possiblc the pr e cis e
r e cogllitiollOfthe pla nbut ne eds 1
.
e at-til le re ndering of
､
thela ndscape a c c ordingto
山c m ovillg Vie wpoinし By u sing VR M L, o ll C ethepr ogr a m oflhe7a nds c apcis m ade,
ヨ
J t + t T < 1 t I I I I f +
cha ngil鳩 the vie wpoilltis e asy a nd w alk
-thr o ughsi111 u]atio nispo s sible. Fo r m e rly, to
r e aliz ethe r e al-tim e r e nde rjllg, VRs,vste m s c o n sisted orinput a ndo utputdcvJ
'
c e s a nd
a high-pe rfo r m a n c e c o mpute r w a s n e c e s s a ry. On the othet
･ ha nd
,
to m ake VR
e n vir o n m e nt on thelntet･ n et with VR M L,itisr)o ssib)eto m akethe e n viron m ent on a
pe rs on a一col叩 uter ec on o mic ally.
So m c c o mpute r aided de sign(CAT))s ortw a r eha s afuII Ctio nthattr a n sfe rsCAT)
data to VR M L fo r nl a. Ho weve r
,
the s o代w a r edo e sha v ethe fu n ctio n swhich a re
n e c e s s a ryTo rthela nds c ape sim ulatio n, s u ch as m akinga V RMLrl c fr o nl C ()JJe cted
●
r e s e a r ch data o ntr e e sby cha ngingthe e xr) re s sio n a c c o rding to the gr o wth ofthe
tre e s. ln this study, w edeveloped a syste m that w a s optinli/.cd ro rlallds c叩 C
vis u aliz atio n a nd a uto m atic ally m adethe VR M Lprogr a m.
Fe ed B∈l Ck
Ge ogr aphicInfo r m atio nSyste m
De s criptio nData of En viro n m e nt
P由nt⊂ぬね.Ard維ectureData, Te rT ginD由8
Mot8 0rObgkz)JData,E∞ bgiGaT Data. etC.
●
●
Fig. 2-2 Pr o c e s s orla nds c apepla n n1
'
ng u sing vis u aliz atio nbyVR M I,
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2･1･3 Vis ualizatio n syste m of]a nds c ape
(1)Vis u aliz a†io npr o c edu r e
Ba sic ele m c nls of]a nds c apea r cpla nts, te rr ain a nd a r chitectu re. 1l-epro c edu r e s
orthe vis u aliz atio n oFla nds c apesby V RM I･ a re sho w nin1
)ig･ 213. The vis u aliz atio n
pr o c edu r e c o n sist ortll ethr e e stepsI The First SIcpis collectio n orthe 3t)data of
●
pla nts, te rr ain alld a r chite ctu rc･ Vegetation data(the spe cie s) si{.e a nd age ol
'
tr e e s,
etc,)c a nbe obtain ed fro m a vegetatio n lT-aPOr aElelds u rvey. T hete rr'1illdata c a nbe
obtain ed fr o m conto u rs orthe m ap oT
･ digitalLet
･
r ain m odel(DTM)ofthe sirll uated
aI
･
e a･
ー
｢l-e 3 D data ora-･chite ctul･C C at-be u s u allyI-1 0dcled ba s ed o--its pta-1･ llltI-e
s e c o ndstep,the data oFpla nts, te n
･
ain a nd a rchitc cLu rc a t･e ra nsfo r m ed into VR M L
fTo r m atby u sing a c o nve rsio npt
1
0gr a m･ In the r171 alstep, the VR M Lim age ofthe
la nds c apeis ge n e r ated o n u s e r
l
J
s c o mpし-ter andthe u ser c a nhave a n e xpe-
･ie n c e oF
w alk-thr o ughsim uJatio njnthe m odeled la nds c ape.
Te rrain Data Pla ntData Architectu reData
lrTlage Ge n eratio n o nBro w se r
Re aFTim e
Walk- T hro ugh Simulatio n
Fig･ 213 Vis u aliz atio nPr o c edu r e orla nds c ar) c using VR Mt.一
●
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(2)M odeling ofte r r ain
ln VR M L210 whe nthe r e a redigital ele v atio n m odel(D E M)data o n agrid,
te rr ain is e a sily vis ualized by using a n ode (c o m m a nd u s ed in VR M I.) c alled
ElevationGrid.
W hen DE M data a r e n ot n agrid, grid data fo r clc v atio njs c a]c ulatcd by
inte rpolatingthe o rigin ale一e v atio ndata.
By m ap pi喝 ate xtu r e O l-thete 汀 aindata, tll equ ality oftll e r e ality ortll ete rr ain
isimpr o v ed. T hete xtu r e m apping)
l
s als o u s ed withthe Elev atio nGridnode.
● ●
(3)M odeling ofpla nts
V R M Le mploysthre ediffer e ntstI
･
ategie sto m odelplants a sge o m etric objects.
T he3 Dpla nts c a nbc e a sily m odeled u singsimple obje cts s u ch as c o n e s, cylinder s,
●
a nd c ube s･ T he siz e ofthe VR M Lprogr a mfile u s edto ge n er ate the visualizatio n
sho w n in Fig･ 2
-4a w as abo ut O･6 K B･ W hile this m odelpr o vide s r e c ogniz able
qu a ntitativ eint
l
o r m atio n abo ut ala nds c ape, the vis u alim ageitpr odu c ed isfa rFr o m
re alistic.
上.e aves, twigs a ndthe tr u nk ora tr e e a r ede s c ribed by s ets orpolygo n s(Fig.
214b)･ While the u s e ofs m alln u mbe rs ofpolygo n s m ake sthe s e m odels ap pea r
u n r e alistic
,
in ct･e a sing tll e ll u lTlbe r orpolygo【1 Sge n er ate s al一i111 age that appears
P
c o n side r ably m o re re alistic. rlo w e v e r, the n u mbe r orpo一ygons that have lo be
r e nde r ed c a nbeim ロー e n se, v a-
･
yi11g 什om tho u s alldsto millio n s.
■
rhe3 Dplant sh() w n
t
in Fig･ 2-4 bc o n sits of 7,705polygo n s a ndthe siz e ofthefilefo rthis r e nde ringis
t
6･O M B･ Giv e nthe tim e requir ed to ge n er ate s u ch la rge n u mbe rs of poly go n s,
w alk-thr o ughsim ulatio nisdifrlC ult to a chiev einthe c as e ofala nds c ape sim ulatio n.
The third str ategyis te xtu r e m apping of 2 Dpla ntim age s o ntw o pla n e s, a s
■
sho w llin Fig･ 2-4c･ A pta--tte xtu r e r e c o rded in aIr a--spa re nt GIF fわr m atis i-- aP PCd
o ntw opla n e sthatc r o s s e a chothe r. lnthis c a s e, the sit.C Ofthe V R M Lf
-
)le w a s abo ut
O･7 K Ba ndte xtu t.erJle w a s1 82 K B･ T hr o ughthe use oftextu r e m ap ping, w e obtain ed
3 Dre alis m with a s m all tile within a relativelysho rtr e nde ringtinl e､ T his m ethod is
v e ry effTe ctive fo rthe fa st r endering of 3 Dpla nts･ T hc r ero r e, w e u s ed o n)yte xtu r e
m ap pillgOr2 Dpla ntim ages on tw opla n e sinthis study.
■
A databa se of 2Dpla ntim age sge n e r ated by3 Dpla nt m odelingis u s efu l forfa st
r e nde ringa ndsim ulatinglands c ape withplants ofv a rio u s spe cie s a ndgr o wthstage s･
We u s ed C G ilⅥageS OrPla nts m ade by AMAPthat m ake s3 Dp】allt Shape s･ AMAP
w a sde s c ribedindetailin n e xts e ctioll.
1 6
(a)3- Dpla nts m odeledbyu singsimple (b)Le ave s.twjgs
'
a ndtru nkofatr ee
obje cts sucha s c o n e s a nd cylinders de s cribedbys ets ofpolygons
(c)3- Dpla nts e xpres s ed bybNOte Xtu redpla n e s
Fig.2 J Threediffer e nt m ethodsto m odelplants a s3 Dobje ctsin V R M L
(GinkgobL
'
[obaL.)
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(4)M odeling ofa r chitecttJ re
C A Dso氏w ar eus uauy ha sfuJ ICtio n ofc o nve rti ng architectu r edata to V R M L
fo r m at. But, the V RM Lprogr a m m ade by the CAD is n ot optimiz ed fo rla nds cape
sim ulatio n. Weto ok the si milar str ategyofm odelingplantsto m ake ar chite ctu rein
V R M L.
To m ake a r chite ctu r e su chasbuildings, simple objects s u ch a s c ube s w er e u s ed
to r edu c ethe n u mbe r ofpolygo n s a ndte xtu r e m ap ping w a s us edfo r addingr eality･
(5)Co n ve rtingin v estigatio ndatato V … L
In thein v e stigation ofpla ntdatain fo r e st andga rde n s, species, lo c atio n of
plants o rde n sity ofplants, height, wi d thand dia m ete r oftr u nk(us u ally atbre ast
height)w e re u s uallyre c o rded.
We c o n v e rted the in ve stigated data to V … L fo m la u sl ng a C O n V er Sio n
pr ogra m a s sho wnin Fig･ 2
15･ The c o n versio npr ogr a m w a sde v eloped in Visual
Basic(M icr o s o氏 hc.). inte rpolatio n ofele v ationdatato m aketerrain model w a s als o
don ebythispr ogr a m. We c all theprogr amV R
-Te rain･
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2.2 Pla ltim agesdataba s e
2.2.I A bo ut the A M A P
AM A P, which is a syste m de veloped by Cente rlnteI
.
n atio n ale Re chc r che
Agric ultu r al De v elop111 e nt (CIRAD) prodしIC e SI-igh pre cisio ll3 Dplallt Shape s･
A MAP is o n e ofthe o utputs ofthe study ofplanLsby De Refryc et a].(1988)･ AM Al
'
ge n e r ate sbotal-ic ally re alistic 3t) plal-t I-- Odel･ M a ny res e a r che rshav e sim ulated
v a riou sla nds c ape sby u sing A MAP syste m(IIo njo et alリ 1 992; Morim oto, 1993;
Saito et al. ,1 93,1 995;Honjo andTake u chi,1995;Perrin el all, 20 0り･
AM∧Pc an l¶ Odelm oretll all300type s ofplalltS,in cludingれo w e rs,bu she s, a -1d
u
･
e e s. A m ell u OF A M^P is show nin Fig. 2-6. T he AM APsyste m c a n als oge n e r ate
3 Dm odelatdiffe re nt age s ofa given pla nt(Fig. 2-7a)a nd atdinTe r e nttim e s ofthe
ye a r(Fig. 2-7b)･ Pr u ningis po s sible by AMAP(Fig･ 2-7c)･ A M A Pa一s oge n e r ate s
dil
l
fe r e ntshape sfo rthe s a m ep)a ntbycha ngingthe s edn umber ofapJa nt･
∈】
3 u Pla nts m ade by AM A Por othe rte clm iqu e s c o n sist ofpolygo n s. Br a n ch,
twigs, Ro w e rs a nd le a v e s a re all de s c ribed by s ets ofpoly go n s･ T he rlしI mber ofthe
polygons varie sbetw eel-tho u s a ndsto millio n s･ Su chapolygo n m odelis s uitablefわr
photo r e aJistic expre s sio l- Ofthe pJa nts but n e eds 一arge a m o u nt ortim eroT
･ 1hc
r e nderinga ndaddito n ally, w alk-tllrOughsim ulatio nisdilrIC ultin V R M ., I ^databa s e
oF 21)plantim age sto providepla ntte xtur es w as m adefrom 31)im age s or ^ M A P･
19
iiiiiii M i ii商
∴･
Fig.2
-6 Ex a mple ofpa ra m ete r I nputin the m enu ofplant m odele rin A M A P
20
知
r
･
.
⊥
l
30 6 0(u nit:ye a r)
(a)Age eqe ct(C ha m a卯 arfs obb8 aSiebet Zuc c･)
Su m r n e r Autu r n n W Jnte r ae†o r e A 七e r
仲)Se a s o n aleffe ct(Ginkgobl
'
k)baL.) (c)Pr uning effe ct(A bje sPr m aSiebet Zu c c.)
Fig. 217 Exa mple ofeffe cts of A M A P
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2･2･2 Plan(im age sdataba s ebyA M A P
By usingdataba s e of 2 Dplantim age 5with va rio u s spe cie s andgr o w也 stage s,
w e c a n vis ualizethe cha nge s of la nds c ape sI M aking adataba s eby photogr aphs w a s
tim e-c o n s um l ng and the us e of A MAP w a spr a ctic alto m ake a v ariety ofpla nt
im age s･ We m ade apla ntim age databa s ein cludingno w er s(35spe cie s), shrub(50
spe cie s) andtr e e s(50spe cie s)･ T hequ ality ofim age sge n e r ated by AMAP w a s v ery
high. Exa mple s ofplantim age sin thedataba s e a r e sho w nin Fig. 2-8, Fig. 2-9 and
Fig･ 2-lot We als o m adeim age s ofe a chplant atdiffer e ntage s a s sho w nin Fig. 2-ll.
In this study, w e m ade m o r ethan 1000 im age s(m o stly s L m m e rim age s ofpla nts).
Be c a u s eitispo s sibleto m akeplantim age s offo ur s e a s o n sbyA M A P, the change s of
la nds c ape s r e sulting fr o m s e a s o nal change wi ll be vis ualiz ed by the im age s of
differ e nts e as o n s.
We cha nged the r e s olution of2D pla ntim age s a c c o rding to obje ctiv e s and
s cale s ofplan n i ng.
Fig.218 Ex a mple of 2 Dplantim age sin thedatabas e(Flow er s)
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Fig. 2-9 Ex ample of2 Dplantim age sinthedataba s e(Shrubs)
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Fig･2-10 Ex a mple of2 Dplantim age sin thedataba s e(Tre e s)
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C hapte r3
Vis u aliz atio n or Sm all-s c aleLa nds c ape s
3.1 Intr odu ctio n
Inla nds c apep]a n ni11g, Sim u)atio n orLhcla nds c apeis apo w e rfulto ol fo rpublic
8
understa nding andfo r s elction ofalte r native pla n nings c e n a rio s. In the sim ulatio n,
●
r e ality ofthe sim ulated im ageis v e ryimpo rta nt alld re c e ntpr ogr e s s of C Ge n able s
vcl
･
yPre cise sim ulation orthcla ndsc ape.
1n this chapte r, w e evalu ated the applic ability of the VR M Lsyste m fo r
lallds c ape vis u aliz atio n. W ith the V R M Lsyste m, 1allds c ape ora sl11 a1ga rde nin
C hiba Ulliv er sity with 40()pla nts w a s vis u aliz ed a nd la nds c ape or Koishika w a
Ko r aku e nGal.de n s with 2980tre e s(91 spe cie s) wa s sim u一ated for te sting the
fe asibility ofthe VR ML system . W e als o co mpat
･
ed photo -rea)istic im ages ofthe
Ga rdellS m adeby AM A PsystelTI Witlltlleim age s m adebythe VR M J_ syste m.
3.2 Vis u aliz atio npr o c edu r e
Sim ulatio npr o c edu r e ofa s m all
-s c alela nds c apeby V R M T.is sho w nin ng1 3
-1.
T his sim ulatio npr o c edu reis a)m o st s a m e a stll at e xplain ed in Chapter2･3･ Cos n1 0
Playe r(Silic o nGr aphicsln c.) w as u s ed a s aV R M L bro w s e r with lntc r n ctl三xplo r c r
(M icr o s oftln c.)o nW indo w s(M icr o s oft ln c.).
3.3 Re s ults
3･3･1 Vis u aliz atio n ofa s m allga rde nla nds c ape
●
By しISir唱 the de v eloped syst V R M Lpr ogr a m w a s m ade fr o m c olle cted
data a nd the perfo r m a n c e ofthe system w a s evalu ated. VR M L im age s w e r e
c o mpa r ed withphotogr aphsto e v alu atethepe rfo m l a n C e Ofthepr ogr a m.
A garde nin the Fa culty ofllo rtic ultur ein Chiba University was sim ulated. A
m ap ofthe gardellis sho w nin F]
'
g. 312. T he re w el
･ 400pla ntsinthe ga rde n a ndthe
spe cie s alldtheirheights wel
･
e m e asu r ed fわrtll eSi111しation.
′
｢ledata w e r e con v e rted
to aVR M Lpr ogr a 汀l.
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In the garden of VRML the n u mbe rof the polygo n s w a s ap pr o xim ately$00
and the am o u nt of data w a s ap pr o xim ately400 K B. W alk
-thr o ughsim ulatio n w a s
v erys m o oth wi ththisdata(witha c o mpute r of Cer elo n300 M Hz).
h Fig. 3-3, a s equ e n c e of im age s of a walk
-thr o ughsim ulatio nis sho w n･
Similarityto r eality andre c ogn ltIOn Ofobjects w e r e v ery go od be c a u s e of the s m o oth
walk-thr o ughsim ulatio n. Qu ality ofthe V R M L im age s w a sge n e rally pre cis e
c o mpar edto photogr aphs a s sho wninFig･ 3
-4.
Vegetatio n Te rr ain Buildings
-I-･二-L蔽､
●
.
:ミ:. . .
co w e rsio n
l
progra m
Thr e e-dim e n sio n al C G byV R M L
Fig.3-1 Diagr am ofpr o c edu r e ofla nds c apesim ulatio nbyV R M L
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Fig. 3-2 Mapof thega rde n atMats udo c ampu s of C hiba Univ e r sity
Walk Thr o ugh
P hoto ofthega rde n
Fig. 3-3 Im age s ofwalk-thr ougha nim atio n oftheg打de n
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刀Fig. 3-4 Co mparis o n ofphoto s and V R M L im age s ofthega rde n atMats udo c a mpu s
of Cbiba Univ e rsity
30
3･3･2 Vis u aliz:ation historic alJapa n e s ega rde n
Koishika w aKo r aku e nGa rde n, o n e orthe m o stra n1 0 u SJapa n e s ega rde n s, vヽ a s
sim ulaled･ The dalュ orthe ga rde n weI
･
C m ai11y taken fro m are s e a r cl1 7
･
ePO rt O nthe
el- ViI･o n n- e1tOf
､
thega rde nil一1985(
｢
I
-
okyo Metl
･
OPOlita11Go ＼′e t
･
11IⅥ e山 et al. . i9 86).
Therl rStPro c edurero rthela nds c ape sim ulatio n w a s m akingte rr aindata. A m ap
of I:4O In adeinthe ell Vir o n m e ntalr e s e al･Ch fo rthe ga rde n wa sinputin aco mpute r
●
by a s ca nn el
･
a ndlo c aLioil S Ofc o ntr olpoints orw e r e m e as u r ed fr o mthe m apim age･
t / ヽ 1 ′ヽ ● ●
2 O51c o ntr olpoints w ere r e ad fr o mtheim age a nd u s edto m akethete rrainin VRML
(Fig. 3-5).
T he n u nlbe r ofthe pla ntsin 山e ga rden w a s3 956c o n siting 40fa milies, 6 7
ge n e r a a nd 98spc cie s･ F
;
o r allthe pla nts, spe cie s,I- eight, dia m etel
･
atbr e astheight
(abo ut at】20c111)al. d lo c atiollW e r eillVe Stigated alldr e c o rded. We u s ed 2980pla nts
with 9)spe cie s who s eheights w e r e m o re tha n3m and girths atbr e a stheight w e r e
I
.
mor ethan 30c m･ T helo catio n s orthe s epla nts a-
･
e sho w ninI:ig. 3-6. T he data fo r
I)la nts w e r eprepat
､
ed 什o m a nim age databa s e. ln tllis c as e, data in s u nl111 er W e r e
u s ed･ T he numbe r orspe cic s oftre e u s ed fo rthe sim ulatio n w a s9 lspe cic s･ 3 5of 9l
spe cie s w e r ein cluded jn the c atlog of
'
AM Al'. For the others(56spe cie s), pla nt
in-age orsl
t
m ]1a r shape w e re u s ed･ Table 3-1 show s thelist oFlre e spe cie s u s ed fo r
tll e Vis u aliz alioll.
In Fig. 3･7, thela llds c ape oFthc ga rde n w a s siln ulaLcd a nd ilis c() mpa rcd with
photogr aphs･ T he siz e oFthe V R M Lprogr a m w a s4.34 M B(1.61 M B torplantdata,
2･05 MB fo rte rrai)l data a nd 0.68 M II 良)I. te xtu r edata orpla nts). I^lho ugh the
a m o u nt or data w a sJa rgc, vie wpoints c atlbe cha nged in ale w s e c o nds a nd w alk-
● ■
thr o ughsim ulatio n w a spo s sib】c.
3l
Fig･3-5 Me a s u r edc o ntrolpo l ntS u s edto m aketheter raingriddata
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Fig･ 3-6 Me a s u r ed lo c atio n softheplants u s edto m akeim age s
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Table3-I Tre eJisLs u s ed Fo rlhc ＼′is u ali7.alio n ol
､
tll CKoisllika w a Rot.<1ku c n(ia rdell
Bota nic alpla ntn a rT Y Of A M A P Japa n e s e n a rT t
Ac 訂 n egundo
AIb 丘由J
'
ull
.
Lrissjn
A/n usjapo n加
C8 m euiajapo nic a
C8 m eNia s 8 Sa nqu a
C ha m 8 eCyP8rispI
-
si ba
CJ
'
n n a m o rr u m c a 17甲hora
C/erodeT7dro n
.
choto m u m
Ccrr7uS co nqO V q S a
Daphn申hyuu m m acropodu m
F &r7y
l
an a sinpbx
Gir7kgo bJ
'
Ioba
H8 m a m e/I
'
s/apo nba
ldesiaFb /ycalPa
Machilu su7u nbqg/
'
i
M agn oII
'
a gra ndjnq a
P8 Sa nia edulis
P hotinia X 舟8S erf
PJ
'
c e 8g/8 u Ca
Pin usder7S伽
Pio usthuT7bq gii
PJata n us e cerib /ja
F >u n usja m 8S akura
FYu n us/a nn e sie n8W its. v a r. spe cios 8
f>u n us m u m e
斤 ut)uSPq Sic 8
F}u n us spe chian 8Kita m ura穴y m a spa chian a
F>u n usXyedw n si
Qu q c us s q rat8
R husja 帽 nica
Robinia ps e ud& a ca cia
Salb(babybnba
Sbqexjapo n加
T8 X uSb8C Cate
Zelko va serr ate
itayaka ede.irdla m Onliji. douka ede
n e m u n oki
h8 nndくi
ib da ndくi,in utsuge.kin mdくU Sei
ku rog8 e m OChi, s a n!拘u.tB rayOU
niw at dく0, n e Z U mi ∝hi,hiiragim dくU Sei
hiira9i- hisak8ki. m u ra s akishikibu
m ochind(i,yabutsubaki
in ubiw a.kajindくi,ku w a
s akakj
,
s a z 8 nka. s a r u s uberj
biw a, m ok koku,ya m a m o n l O
S a W ara, S a n SyO U
ku su n oki, 貞r oda m o,yabu nikkei
ku sagi
e ndくi, k8ku re min o, miz uki
yu zurih8
a ogiri
ichy仇
isundくi
iigirj, kir
8ka m eg8 Shiw a,t8bu n oki
kobu shJ,taisa nboku
m atebayadli
ka na m e m ∝hi
inu m aki. him arayasugi
aka m atsu. rigida m atsu
ku rc m atsu, syuro
pJata n us
inu zakura. ukαlZaku r8, edohigan
satoz akura.fuyu zakura,ya m a z 8kura
o oshim a zakura
U m e
m O m O
sidarez akur8
s m l ejyoshin o,to u n e z u mim o chi.t d)era, ha z e
aka9aShi, a r ak8dli. uba m egashi
ka shiw B, dlirekadli. s udajii
niw auru shi. n u r ude
e nju, s aik8 Chi
sidareya n 89i
egq ldくi,kaki, hBku unnb dくU
ichii
inushide. kar a s u z a n syou,kaya
keyaki, m ayu mi, m uku ndくi
j4
Fig･317 Co mparis o n ofphoto s a nd V R M L im age s ofthe Koishika w aKo r aku en
Garde n
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3.3.3 Co mpa ris o n of VR M L im age sand A M A P im age s
hl Fig. 3-8, lh = 心 u ali/_tlLio npr o c edu re sb()th AM l^
)
a--d VR M LaJ.e Pre S Cnted･
W e c o mpa red photo -r e alistic im age s m ade by ^ M AP a n (I im age sbJV thc VRM II ,
sysle nl. Both im age s a re sll O Ⅵ
′nitlドig. 3
-()
11eV RM Lら)
J
Ste m C a nProduce a)n-osl s a m equ alityilll agC Sb)
I ^M Al) while
AMAP to ok lo nge rtim eLo m ake '
,
I S C C ‖e. ln c ()ll Cu si( m. the V R M Ls)′stc m c an
pr odu c ehighqu alit)Iim age s a nd will bc u s ed To rlallds c ape vis u ali7.ationpr a ctic ally･
3.3.4 Co m m u nic atio n o nthe W W W
The VR M Lpr ogr a nl S m adein this chapte r w e repla c ed o ll aW WW s e rvcl
●
･
Apa che w as u s eda sthe W W W s e rve rpr ogr a m.
'
nlela nds c apedatadeveloped inthis
■
studyca nbe ope n eda nd bc a c c c s s ed by a】1yO n C. Tn theJl a n ning or]a nds c ar)c, u sing
■
W WW to tr a n sfe rillFo r m atio nto the pub)icis c o n side T
･
C Cl a s a v e ryimpo rta nt a nd
practic alm etll Od.
V R 仙L
/
-
-
- - - - - - - - - - b
I Torr crln DcIc[
Co nvernn9 ControlPolnls
Doloto Mesh Dolo o nd
Mop plr唱
Environm entlnformotion
TerrQ(nDqlcl
Re ed)n9 ControlPolnls
From M (】pbySc onn er
PIQ r[IDc[Icl
Re odlng しo coflon o†
PlonlsFrom Ve9e,tOtlon
MopbyScQ nn er
se7fingしoc
T
on on . H elgN
Cnd Specle soIPIQ ntS
PJcrnfDolo
M Qkln9 2D Pronlrm cge
DoloboiO
†
Rok)lngPlont Dofo lo2 D
PIo nllm ogeDo†obose
ー- ■ ll l 1 - - - l ll ■ l l b l L - - 1 I - -
A M A P
l
'
-
T
-
er7Qln
-
D
-
Q
-
fcl
- I I " ー
l
Con vertinglo NoshD(コIo
byTer oln .TheSubsys7e m
oIAM∧P
PJcrnID(コIc
ReLQIl
'
n9PIo nlDololo
AM APPlo nls
A 仙 A P
P( e che3D Pk) nIIN bde拝唱
byPo叫o nl
SIcLtlc Slm ulclnO n
F)h olo紬o触Iた
卸 ulくIbn
o nVIα btolbn
Fig. 3-8 Co mparis o nortlle Vis u ali7_ atio npl
1
0Cedu rebyV R M l, a nd AMAP
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Fig13-9 Co mparis o n of VRM Land A M A P im age s ofthe Koishika w aKo r aku e n
Garde n
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3.4 Dis c ussio tIS
3.4.I Am o u ntofda(a
lfw e c o n side rthe a c c e s stothe VR M L file, thedata sho uldbe withinthe siz eof
s moothtr 弧 Sfer o nthe n etw o rk. For u s e r s
,
a c o mpa ct VZ M Lprogr a mwith a s m all
n u mber ofpolygo n s andte xtur edata als o en able s a sm oothw alk-thr o ughsim ulatio n.
Recem pr ogr e s s Of fast n etw o rk speed and a high-pe rfo r m an c e c o mputer
e n abled the tr an sfer of large a mo unts of data like the data ofthe Koishika w a
Ko r aku e nGa rde n.
3･4.2 Pr edictio n of futu r ela nds c ape
h this chapte r, the syste mthat vis u alizesla nds c apein3 Dc a n als obe u s ed fo r
the futur epr edictio n of thela nds c ape. W iththe syste m, w e c a n sim ulate n ot o nlythe
pre s e ntlands c ape but als othe futu r ela nds c ape. 1n Fig. 3-10, Rltu r e S C e n erie s of the
ga rde n, which is sho w nin Fig. 313, ar epr edicted. So meplants a r e changed fro mthe
originalgarde n and alapse of 15ye ar s and its effe ct r efle ct thelands c ape ofthe
ga rde n.
3･4･3 E‡pan sio nofthefu n ctio n Ofthe syste m
The syste m m adein this studyhas afu n ctio nto c o n v eJlin v e stigated datato a
V R M Lprogr am. This system ca nbebr o adly u s ed forde sign to olsforthe pla Jming
of lands c ape s, thatin clude p)a nts, te rrain a nd ar chite ctu r e. T he syste m c anals obe
u s ed fo r a3 Dpre s e ntationtoolofthela nds c ape s.
15ye ars
afb?r
= = = =
Fig･31 0 Predictio n of landscape cha ngein the futu r e
3S
We m ade o n一y a si]nple G UT. ^s afu rthe r e叩 a n Sio n orthe Fu n ctio n ofthe
syste m, 1-- O r e S OPhistic aled G UI is c o n side r cd･ By adding G UT, the syslc n- c a nbe
m o re e a sily u s ed a s aCA Dsyste mfor3 D desi即 OL
､
la nds c ape vis u aliz ati()1-I ILals o
e n able sinte r a ctiv ede sign andallo w stl- ede sign el
･
1o vie wtheruturclands c apc しII-de r
v a rio u sde sign s c e n a rio s a s sho w ninFig･3
1 0･
3.4.4 Ap plied a r e a s ofthe syste m
A n u mber oraddiLol- alapplied aJ
,
G a s Orthe V R M Lsystem c a nbc c o n side r ed･
The s e a re a sin clude a s s e s si-唱 u S e-
A
Pr ererCn Ce Fo rde sign s, n-diュ-g a s olutio nrr o m
●
alte r n ative design s a nd qu a ntifying u rba n gI
･
C e n spa ces l
･
n()re Pr e Cis ely･ By
c o nJl e CLingtheplal-Igl
･
O Wtha ndadminislr ativc c osts,it w 川 bepo s sibleLopr edict the
Futu r e ope r atil-g C o sts Ofthede sign ed la nds c ape. Ttis als o ago od edu c ationalto ol fo r
lallds c ape al
･
C】-ite cls.
3.5 Con clu sio n s
Tnthis chapte r, withthe developed syste m, r e alga rde n s w e r e sin- ulated bas ed
o n nl e a S u r ed data a nd it w a s sho w nthat3T)Ja nds c apede sign w a spo s siblcI ReaL
ILim c
re nde ring of
､
the la nds c ape a nd w alk
-thr( mgh sim ul'lti()-iin lhc gilrdc n w a s als o
po s siblcI The 3 D info r m ation can bc e a silytr a n src r rcdthr o ughthe hlLc = 1 Ctbythis
te chn ology.
T he syste nl Sho w ed go od pc ro r m a n c e a nd it als oindic alcd the ド(加 ntial or
building a VR syste mby VR M I･ with v crylo w c o st･
-
Jll Cinr()r m ali() n o nlhc virLu a】
la nds c ape c a nbe opened on the W W W･ T his m ethod sho uld bc uti)iz･cd in pub一ic
■
dis c u s sio n abo utla nds c apepla n ning.
3.6 Refe r e n c e
Tokyo Metr opolita n Gove r n m ellt a nd Kor aku e n Stadiu m, 1986: Rcpo rL o n
envir o n n l e ntala nd biologic alin v e stigatio n of Koishikaw a Ko r aku c nin1985･
りnJapall e S e)
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Chapte r4
Vis u aliT･ation ofFo r e stLa nds c ape s
4.1 Intr odu ctio n
Il-Cl- apte l
･ 3, w edevel()neda systet-11もr r e al-tit-- e r Cl-(】e rir-蛋 of
､
1a nds c ape s u sing
VRML･ Withthe sysLe nl, a Ctu'l ga rde n s withthous a nds orpZa nts c o uld be vis u aliz ed
iI- r e aトtim ein wal k-thr o ugh siJ-1 しぬIio 7-S 0 -- aPCrS O n al c o nlPutC r･ Ho w e v e r. lhc
syste m pr o v ed in adequ ate Fo rpre s e nti g fo rest la nds c ape s, a s rorc st data a r e
ge n e r ally m a naged n otin units ofindividu altre e s,butro r c sLsLa tlds, A ror c ststandis
agr o upoftr e e stl- atha v e sil一-i]a r str u cture s a nd a reinthe s a m egl
･
O Wlhstage･ Fo r e st
sta nd table s de s c ribing the distributio l-S Ol
､
the spe cie s, siz e s, a nd ages ()I
､
the
do mil- a nt tr e e sin illdividu al sta nds provide data ro l
･
the vis u aJiy.atio n ora fわre st
la nds c ape.
In this chapte r, w ede v elopedafol
･
e stla ndscape vis u aliz atio n syste m- c ap ble of
w alk-thro ugh sim u(atio n･ 13y wa一k-t
･hJ.O ugh sir= u)'1-io ns, prc cJ
'
s c rc c ogni-io n is
po s sible ill S el cti-1g altcnlative pla n sI Wc in c o rp()l
･
aled s e v e r al Fu n ctio n s1()tll C
V R M l. sysLe m し1S ed in Chapte r3Lointc r n ali/･c aT-(1pr() c cs sd(ltd O nrOl
l
C StSta nds r( 汁
the sim u)atio n of large- s c ale ro re sし]al-ds c叩C S･ T() c o nn -ithe rc a sibility orthis
fo r e stla nds c apevis ualiz atio l- Syste m, W e Vis u ali/･cd iln a Ctu aJ ro t
･
cstlandsc ape w ]
'
th
tho u s a nds Lo te n s ortho u s a nds orlre e s･ Wc als o sim ulated a va ricly or roL
･
C Sl
la ndscapes a ndsho w ed ho wthis syslc m c a nbe u s edto sj]¶tl)aLcthe cha-1gC SOr rO r C SL
la nds c ape sthat o c c u r a s a re sult orn atu ra)pr o c e s s e s ()r nl a n- m adedjstし1rba n c c s s u ch
a spla nting,thin ning, a nd ha r v e sting･
●
4･2 Vis ualiz atio n syste m of fo r e stla nds c ape s
4･2･) V is u ali2:atio npro c edu r e
ln this chapte r, w einte nded lo de v elop adata drive n vis u aJi7_atio n ora fo re st
la nds c ape, which repr e s e nts the u nde rlying databa s cI T he vis u ali
-
z･ation pr o c edu r e
u sing VR M L. w a sdivided intothethr e e steps(Fig. 41 )as explainedin C hapte r2.3.
Co s m oPlaye r(Silic o llGr apllic sln c.) w a s し1S Cd a s aVR M L bI･O W S e r With lltC r n et
Explo r e r(M icr o s oftIn c･)oil Windo w s(M icr o s oftIn c.).
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4･2･2 Trccdata a nd m odeling
lnfo r m atio n o nfo re stI･e S O 川･C CSis 111a n agCd n ()iin u nits or i--dividu altre e s, but
info re ststands a ndinro m l alio 7 - nrO re SLsta ndsispres c nlcd in LabJc s a nd m aps･ A
fo re st sta nd table c o ntains inform atio n o nthe al.e a Ofa sta nd
,
Logcthet
･
with the
spe cie s, si7･e, age, a nd de n sity ofthedo min a nt tre esillthe slalld(Fig､ 41)). A fo r e st
still-d m ape xpr e s s e sthebo u ndarie s ore a chsta nd o-- a c o nt u r m ap･ ln m a ny ca s es,
fo r e ststand m aps a re (Ir a w nfr o m a e rialphotogT
･
aPhs･
Data o n sta nd attribute s
,
i･c ･
,
spe cie s, si
･
Le S. a nd age s orthe domin a nt tr e e s
within e a ch stand, w e r e e a sily obtaill ed ft
･
oITl arO r e SI sta nd Lablc. The data o nthe
lo c aLio n s ofthetr e e sw e r e obtained fro mlhcfo r e ststa nd m ap.
'
J
t
hLL 3 DpJa nl m odels
w c r cpla c ed atc o n sta-Iinte rvalsin side a sta nd bou nda r),
･
･ a c c o rdingtothede n sit)I 0f
､
thetre e s withinthe sta nd.
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Vegetatio nData
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Thre e･dhTIeJI Sional im age offo re st la nds c ape
Fig･ 41 Fo r e stlands c apevis uali祖tio npr o c edu r e u singV R M L
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ヰ.ヱ.3 Co nver sio npr ogram to V R M L fo r m at
we dLlヽ∫ビloped a c 州 V el
･
Sio npr(唱r a min Visu d= ユa siclo c o nvcl
･tdi1i … n rM
･
C St
sta ndsi!.Ilo the VR.～:TL fol･111 at.
ln this c ()-- v e rs血-pr ogr a m･ individualtr ees ､ve t
･
c S CL()n thcLe rrai- … -tjdela【set
inte r v als acc ordin
L
t!tO the tr e ede n sity within the sta nds･ To give the fo r c sl a --l o re
natur alappe a r a n c e. this pr ogrL1ユー-has a ru nL
tion to ch{1I唱etheinte r v;llsbclw L
tLLn tre e s
r a ndo mly.
4.3 Vis u aliヱiltion orl･ e aJ for estJa nds e apcs
l!11916
,
Tokyo しinive rsity e stablished a 5,821ha rorc slin the C hichibu
/ra m a
N alit)n at Park or Sait{1 m aPl
･
efe cture for re s e a rch alld cdu c alio n al pu rpo s e s･
一
I
t
he
t
l
o r e stis s etin a c o olte mpe r ate, bo r e a] 7･ O n e a nd has m o u ntaiJ10 u StC r rain･ W e
sim ulatedapa rt orthisro r e sL u singthe V R M Lsyste m･
w e sim u一ated a fわre st stalld (1】50m X 7 40m) pla nted with hin oki
t川 u m (J u
･
.
.
rPuJ
･is I)b/E･JS a). To pel
･[o r nl r e altim e re nde ring oF la nds c ape, the hin oki
in l{1.ge W a s C O11 V e1edto alo w
-r e s olutionim age(33 X 50pix els)I The VR M Lsystem
popuiatedthefo r e ststand with abo ut2,630tr e e s, pla c ed atinte r vals of
-
5m (Fig･ 41
2b). T he syste m to ok abo ut o n e min ute Lo ge n e r ate tl-cim age who s e s c re en
re s olutio n w as1024 X768pix c)s, ru n ni g o n aW indo w sp]aLro r m wilJ1 とlI1^ M[)
●
^thlo n900 M Hヱ pr O C e S S O r a nd 640 M BorR ^ M･ On c etheim age w a s c() mp]ctcly
c o n str u cted
,
the dyn amicim age s w e r e rc lld r cds m o otMy(about s c v c r al ra n
-
M SPC r
seco nd)asthe vie wpoint w a s cha nged, T he gr aphic qu ality()rLhc si111 u)ated V RML
im age w a s clo s eto thatofapll OtOgr aPhicil-1 age･
W he n w e c o mpa r edtheim age w 州-the photogr aph Fr o m s ev -
･
alvie wpoi711s,the
shape oron e s e ction o｢the sil¶ ulated sta nd in Fig1 4
-2 b difrcr ed ro mthat ()fthc
pl1 0tOgr aph in Fig･ 4
-2a du eto a nin a c c uracy in the o rigin al ro l
･
e Stil-rO r m atio n
pr ovided･ Itis verydiFfic ultto rl nd s u ch a mistake or datainputjn ro r c st r e s o u r c e
m a n age m e nt witho ut u sing vis u a】i7_ atio n. ThしIS, W ele a r n edthat the a c c u r acy or ro rc sl
data c ould be c o nf
-
Ar m ed by re nde ring r e c o T
･dcd roT･C Stinfor m atio n with c o mr) utc r
gI
･
aPhic s.
We the n sim ulated m o r efo re st sta nds sim ulta n e o u s)y u sillgthe V RM 【. sysLc m
(Fig. 412c). Tn total, abo ut15,000tr e e s w e repla nLcd atinte rvals of 5m . Tt Lo okthe
syste m- abo ut thr e e min ute stoproc e ssthedata, buto n c ethepl
･
O C C S Sing w a s c o mplete.
●
thedyn amicim age sw eT
･
C r e ndc r cds m o othly(abo ut50fram e spe-
1
min ute)a nd w alk-
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thr o ughsim ulatio nbyshi氏ingvl eWPO lntS W a sPOS Sible･ To r e nde rim age s s m o othly,
w ehadto u s elo w- re s olutio npla ntim age s(abo utI K E). Als o, a c ertain a m o u nt of
RAM is n e c e s s ary. T heim age of Fig. 4
12c w a s m ade on a c o mpute rwithatle a st512
MIiof RAM .
(8)P hotograph o†sim u(ated a re a
■■ .
` T r- ■ = f '+` .
o')A lo rB StSta nd sirn ul8t8d byVR M L (C)Sev 8ralbr9e ･ S C ale†o 帽 StSta nds sim u
-
rated by VRM L
Fig･ 4-2 Ex ample s of fo r e ststa ndsim ulatio n s
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4･4 Sim ulatio n of fot･cstLa nds c ape s
We ge n e r ated a v at
.ic上), ()r fo re stla nds c ape s a nd sho w ed ho wthe syste m c o uld
be u s edto sim ulatethe cha nge s of fo r e stla llds c apc sthat o c c u r a s a r e s ult orn atu ral
pr o c e s s e s s u ch as seu so n a]changes o rhu m a nindu c ed distu-
'ba nc e s s u cha sp一a nting,
■
thin ning, a nd ha r v c sLing.
Usingthe age a nds e as o n aleFre cts orAM∧Psho w nin rig. 4-3, w e c a n e a sily
sim u)atel
1
'
ore stla nds c ape s cha nged bythegr owthofthepla nts '1 ndsim ul'1te S e a s o n al
cha nge.i hctw c c n 仙111 m C r a nd winLc r ora ror c stla n山c apc,in cluding color ed a nd
falle lle a v e s. In ng. 4-3, w e sim ulated s e a s o n a一chaI唱e Sin a mix ed-spe cie s sta nd
u sing the im age s or five species of
､
tre e s, in cluding cherl
･
y tr e e s. The s e a s onal
■
di 爪汀C n C Cbctw c c n spring a nd s u--- m c risilu stI
.
al.ed by I
.
c nde ringLll e ChcTl
.
y lr c e s
witl Che rryblos so m s(lTig. 4-3a)a nd wilho ul thcrrl(Fig. 4-3b).
'
111C V R M IJ Syste m
c a nbe u s edto sillユul'1te '1 V'1rietyorfo re stlallds c ape s c o mpo s ed orv a rio u s spe cie s or
Lr c c s alv ari() us stages ()l
､
gr() wLh.
Fig. 414 ilJu str atc s a s山1 ulaLio n orapla ntati() nla nds c ape u sir唱 Lhcim age orlhe
】5-ye ar1 01d hin oki, with sim ulated challge Sin the fo上
.
e Stlands c'1Pe re S ultil唱 rr O m
diLrcre ntdc n siLie s orpla nLatj("l Withinthe tiLa nds.
一
Jll r()Ugh3J)inl age SI-1
･
Odu c ed b),
the V R MLsyste m, w e c a ninluitivcly u nde rsta nd ho w sjJvic uhu ralaclivitics sLIChas
c uuing a nd thin ning c a nbc e xpe cLcd i() cha nge the str u clul
･
c s or rot.e stS, a nd
●
a c c o I
.dingly adju stpropos edplans o nt･heba sis ortll eir c xpc cled vis u al impa cし
Thr o ughthe u s e ofva rio u sfull Ctio n s IT) elltio n ed inthis study, lhc VR M Lsyste m
e n able sfore st m anage rsto vis u ali7. e alte r n ative pla n s, ther erol
.
C †br cslla nds c apc s
m ay be m o r e efrlCie nt)y m a n aged. ttis als o a u s crul de cisio n
-s ur)po rt Lo ot r()r
policylll akel
,
S alldtl ege11era】public.
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(a)W i(h cheTTyblo ss o m s (b)Whho utche TTY blo s s o m s
Fig. 4-3 Sim ulatio n ofs e as o n s u singthe s e as o n aleffe cts of A M A P ina standof
mix edspe cie s
(i:-堤
-
1
I
-
ゝ
_
I-
-
J IT` ● 一 i
ノ ~T
,_
- に_
=}J ▼J_
L F._
'
r
-'
･ ● 一 ■
(a)2 500tre e sperha 仲)100 0tre e sperha
Fig. 4-4 St弧 dplanted witha single spe cie s oftr e e sim ulated with differentde n sitie s
orplantatio n
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4.5 Co n clu sio n s
Tn this chapte r, w c developed a syste m Fo r r(n
･
c stla nds c ape vis u aliT･atio n
c apable ofw a]k-thr o ughsim ulatio n s u sing VR ML a nd 2r)pla ntim age s. To conrlr m
●
the pe rfo r m al- C e a nd fe a sibility orthis vis u aliz atio n syste m, w c sim ulated a n a ctu al
fo r e stla nds c ape withtho u s a ndstote lls Oftho u s a nds ortr e e s.
Thr o ugh the re aトLim e re nde ril唱 ()f 3D im '1ge S With this vis u aliz･atio n syste m
a nd its c apability for walk-1ht
･
o ugh silTl uatio n, wc c o uld intuitiv ely r e aliz efo r e st
la nds c ape s･ ll- ad dito n, by c o nlPa ring photogr aphic im ages witl= he c o mpしItC r
gr aphJ
.
C im age sge n e-
1
aled by the syste m, w c c o uldc o nfl‖n the a c c Lu
l
a Cy Orlhc
r e c o rded data.
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Chapter5
La nds c ape As s e s slmentby VR M L
5.) Tntr odu ctio n
IllPre vio u s cl- apte rs, it w as sho w nthat the V R M L im age or la nds c ar) c w a s
●
effe ctiv elyu s edas apre s e ntatio nto ol To rthe resultorthepla n ning･
To what e xte nt the VR M L im age s c xpt
･
e s sthe re aHa nds c ar)eisthetopicin this
chapte-
･
･
'
r
'
l- e-･e w a s -- o studyo lll- elevelol
'
I
t
e a】jly()r 山e VR M IJim age s･ ll- eV RM t-
im age swe renot u seda s a]a nds c apeas s e s s m e nLo thelnLe r n ct･
In l-is chapte r,il- O rde rto te st the validity orVR M L.in- age s a s a stim ulu sfわr
la nds c apea s s e s sm c nt, w e c o ndu cted la nds c ape a s s e s s m c nl e xpe rim e nts both in the
labo -､ato ry a ndo ntheInte r n et a ndc o mparedthe r e sults of bothe xpeJ
･im e nts･ Wc als o
I-- adetl- equ e stio nl- air eil- Ordel
･
tOkn o wI- o w e xl) e rtS e v alu atethe VR M L im 喝e･
Il-both e xpe rim e nts, thre etype s or im age sw er epr ese nted, lhalis, photogr aphs
(plOtO), Static im age s orthe VR M Lsyste m(Static), alld w alk-thro ugh im ages by
V RML(Walk-T hr o ugh). We e x a nli edthe rcspo ndc nLs
'
pc r c cplion lo lhc p-
■
c sc nlc(I
im age sby s e m a ntic di｢rc c nlial -
･
ati-1gS a nd pr()f
1
1 c an a]ysis･ We a]s() a n a]y/JCd
●
dife r e n c e sbetw e etl helabo r ato-γ cxr) c rim c nt a ndlhclllte1
･
n eLc xpc-
･im cnl･
The validity oru sing 3D C G im age s a s a s ubs山ule ro r a ctu al la nds c ape sin
■
la nds c ape a s s e s s m e nt w as e x amin ed by s c v c ral】
･
c s c a r cll C-･s とIS Sho w n in Cl-叩tC r
l･2･41 So m e orthe m sho w edthat the polc ntialorvilluale n vir o n n l e nt a S aba sisr() r
lallds c ape a s s e s sl¶ e nt.
5.2 Studya r e a nd stim uli
^ g'wde nloc ated at Mats し1do c a mpu s or Chiba Univ e rsity wa s s el cted as a
study a re a･ WiththisV R M l_ , syste mde velopedinthis study, w e sim ulatedthe ga rde n
lands c ape with abo ut 400pla nts･ T his sinl ulatio n pro c edur e ot
､
the ga rde nis
e xplain ed il-Chapte r2･3･ T he sim ulated im age s orthc ga rde n w e r e u s ed a s a
stim ulu sinboththelabo r ato rye xpc riln e nt a ndthell-te r n Cte XPe rjlT- e nL･
In both e xpe rim e nts, thr e ety pe s or im age s s u cl- a sPlOtO, Static, al-d
Walk/rhr o ughdepictingla】1ds c apc s vie w ed fr o mfo u rdi(Te rc nt vie wpoints oFthc
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garde n w e r epre s e ntedto re spo nde nts a s slinl uli in the e xpe rir-- c nts･ T heim age s or
la nds c ape vie w cd fr o mfo u rvic wpoinls a re shovv
-
n in Fig･ 5-1･ h- the labo r ato r),
e xpe rim e nt. allof fo u l
.
Vie wpoints(Vic wpoinl ト ･ Vie wpoi11 4)orlhc ga rde n w e r e
u s ed. ln theInte r n ete xperim e nt. tw o ol
'
ro ur ＼′ie wpoints(ViewpointI a ndViewpoint
4)wel･e u s ed.
Photo s w e retakellby adigitalc a m era(Casio Qv12000 UX)･ The re s olutio n or
photo s w a s1600x1200pix el. PlOLo s orthe ga rde n at
.
e sho w ninFig･ 5-I(a)･
Staticim age s c r e ated by VR M L fro m vic wpoint]to ､icwpoint4 aresho w nin
■ t ■ ■
Fig. 5-1(b). T he vie w a ngle of
､
staLici111 age S W a s4 5 degl
●
e e S.
Fig. 5-2 sho w s a n e x a mple orWalkJrhr o ugh im age sta flingfro m vic wpoinlJ･
Inthelaboratory experim e nt, Wa一k-T hr o ugh im age s orw alking alo ngpredele r min cd
c o u rs e of vie wpoints w e r epr c s c nlcd to r e spo nde nts. In the lntc r n ct e xperim ent,
r espo nde nts w e r e able to controltheir mou s e o nLhc m o nitol
･
a nd to rr e cly w alk
thr o ughthe m odeledgarde nin re al-tim e.
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<Ⅵewpointl> <Viewpoint2> <Vie wpoint3> <Ⅵewpoint4>
(a)P hoto
__ .■■LVLZJ ロロコ m u
[コ｣U u,J uJ UJm
(b)Staticimages ofV R M L
Fig.5-1 Photo a nd Staticim age s us ed inla nds c ape e v alu atio n
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Fig. 5-2 Ex ample of W al k-T hr o ughim age sta rtingfro m vl e WPOirlt1
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5･3 La nds c ape a s s e ss m e nte xpe rim e nts
5･3･1 Labo r ato ry e叩 e rim e nt
37re spo nde nts c o n sited oru[-de rgr adu alc sludc nls. gradu ate stude nts, a nd a
te a cher ot
'
the Fa c ulty or r-lo rtic ultu r ein C hiba Univ c r sily･ 1 7t
･
c sp() nde nts w e re
w o nle n a nd 20r e sponde nts w e r e m e n･ T he e xpc rim c nt w a sdo n e o nJuJy 4 a nd13,
ユool.
T he pro c edu r e ortll e e xpe rim ent wa s a sfollo w s･ ^t tll ebegin ning, w ebricny
●
e xplained the objectiv e s, the pr o c cdu rc orthe c xpe rim c nし and abo ut VR M Lto
re spo nde nts･ A slle el orpapeJ
･
O t-Whichthe photo sn
.
() nlVie wpointIto vie wpojn14
● ●
■ ■ ●
w e r eprinted w a sll a nded e a ch re spo nde nt･ T hey w alked al()l唱 rOu rVie wpoilltS a nd
vie w ed the ga rdel- at e a ch viewpointil-the s a m edire ctio n a sthe photo sFo r20
s e c o nds･ Afte rw ards, r e spo nde nts retu r n edtotheJabo raLo ry.
T helabo r ato ry e xpe rilT- e nt W as C O ndu cled bys e m a ntic difTc rc -1tialm ethod. We
briefly e xplain ed ho w to r ateim age spr oje cted o n anat s c reen. Re spo nde nts w e r e
asked to rl lo ut a short fo l･n - C O ntaining qu e stio n s ab() uL anlliat o n, age, a nd s e x
befo r e evalu atingim age s･ Tw elv ein l age S(thr e e stim uli im ages xTou rvjcwpoints)
w e repr e s e nted o nthe s c re e n(180c m x240c m)byI,C DI Pr Oje cto r(LC-SVGA870r),
l7Jiki lI-C･)for 20 s eco nds ro T･ vie wing. Re spolldc nts w e r e a skcd to cv三l]u atc e a ch
im age a c c o rdingto22pairs or bipo]a r adjectivcゝ as sll()Wtlin
'
rabtc5-1. The o rdc I･ Or
■
prc s e ntalio northr e e stim uliate a ch vie wpoill w a sP h()t(),St三Itic, a nd Wa)k- T hr o ugh･
Afle rrl nishing evalu ati-唱 thr e ein -age s at e a ch vicwpoi】lし rc spo11dc nLs wc r c
als o a skedto r ate thelevelorre a】ityorthrc c stim uJioJ10-] 00pe r c c nlage s c a]c･ ]0()
pet
l
C e ntage m e a n sthe s a m e] v e]ortll e r e al )a nds c apc. Thelcv c)()rr calily orlhrc c
stim uliw a s e v alu ated at e a ch vicwpoiI-t･ At the c nd orthe e xpe rim e nt, re spo nde nts
w e re ableto w ritetheir c o m m e nts abo ut thelab() rato ry c xpc rilTI C nt･
一
rw e nty-tw o pairs or bipolar adjective s u s ed in s e m a ntic dirrc e nt)
'
al r atings
sho w n in Table 5-1 w e r e s ele cted ba s ed o n Fo r m e r studies (∧bc et aJ. , 1 9()5;
Sllirl- 0 1T- ul･a et a】･
,
1996)･ A】I ortll e e xperim e nts w e redo n eiIIJapa n e s e a nd
adje ctiv e sin Table 5-1 a retr a n slated in English. 1^1adje ctiv e s w e r e r al
･
ed o n s e v e n
scale s(i･e･ X- Y bipola r adje ctiv e w a s ratedo n v ery X, considc r ab7y X, s o n l CWhatX,
n e utl
-
al, s ol-1 e WhatY, c o IISide r ablyY, ald vc r)′ Y).
5l
Tab)c5-1Adje ctiv e s u s ed inboththeJabo rato L･y C Xperim e nl
a ndtheIllte r n et C XPe rim e nl
_/.I■∵..∴■∴~■｢~∴■~]■~■■ ■■■一~】~ー｢■.._■ ...
｣
二..._._..■T■:_::■.∴■L■=
:■~■~■■二 丁⊥ :■= 1_■｢二二■.I_二r｣.:I■..~二丁■■二_..[｢二.■二L■ニ ニ:.■二丁:._ー｡二
A bjective s Laboratory Intern et
comfo什able - un c o mfo什able
frie ndly - unfriendly
open - c一o s ed
r efin ed - u n r efjn ed
varied - m o n ot n o u s
har m o nio u s- dis cordant
polished - unpo=shed
｢ ef｢ e shing - depr essing
c afm - r e stle s s
o rde red - chaotic
suffic entgre en - insufficie ntgree n
vivid- duff
n atural - anificia]
cle a ト m e S Sy
u n obst｢u cted I obstr u cted
Iight - he a vy
attr a ctiv e - u n attr a ctiv e
m oist - dry
impr e s siv e - u nimpr e s siv e
plea s ant 一 U nPle a s a nt
dyn amic - static
tw o- dim ensio n al - thr e e-dim ensional
go od re cognition ofJo c atio n oftr e e s-
po or re c ognitio n of lo c atio n of tr e e s
0
0
O
O
O
O
O
O
O
O
O
O
C
)
0
0
C
O
C
)
○
,
3
C
)
0
0
0
0
0
L7
0
0
C
)
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5.3.ヱ1Rte r n ete 叩 erim e nt
(I)Syste mfo rtheInte r n ete xpe-
●im e nt
A diagral-- Orthelntc r n el expC ri--cnlis sho､川 inl
ごig1 513･ l1-e syste m Fo rthe
Inter--et expe ri- - e nt w a sdevelopcd by u sing VR M l･ とI nd C GIs c ript w ritte nin Pc rl.
●
The syste m c o l-Sisted or W W W s el
･
､ie r S OnW a r e(
･
^N =
'
r
･
r1-I)
I
) a nd Perl
(ActivePerl
2
)thatr u n ollWindo w s. Be c;lu s t^ N I]T
'
l1'l)a nd AclivcPcrlとIr erf･e e"′a丁e,
+
they c a nbc e a silyin sLal】ed o n e xisting W indows m a chin c s･ By u singthe s epr ogr a m s,
the llu mbe rs ofthe s c rヽ′e rs c a nbe te mp()I
.
at
･ilyin c reas ed. Figl ･ 5-4isr)hotogr叩]- 0｢a
I
.
e SPO nde nt takingthelnte rn cte叩e rim cnt
W henthe e xpcrim c nt started in the systcl--, the C olpr ogT
･
a m W a sCX C C uleda nd
the w ebpage withthre eim age s o｢ Photo,Static, a-1d Walk
-Tl-l10 ugh w asdisl)1ayedo n
the m onitol･ Ofr e spo ndel-Ls･ Rc sI) O nde nts m arked the v alu e orimpre s sio n oFtll rC C
stil-- ulia c c o rdingto thein str u ctio n w ritlcn on the w ebpage･ Whe n a s ub汀山 buuon
w as clicked. the e xpe rim e ntre s ults w e re s e nt tothe s e-
･
v c r
,
a nd rec orded in ate xtLIJe
o nthe s e r v e r a uto m atic ally.
T heinfo rm atio n orr e spo nde nts s u ch a sIPaddre s s, Ho st n a m e, and s o o nw a s
r e c o rded in the te xt rile o nthe s e rve rto avoid m ultiple r c spollS e Sby tll e S a m e
r c spo nde nt･ T hete xtfile w aslo ckedto a v oidthe a c c e s s e sbyr e sponde nts at the s a m e
tim e､vhile are spo tlde nt tra n sl-1iucdlhc -
･
c s u]ts し()the s c r v c-･ ･ llCnlc w a s ulltりCkc (I
afte rthetr a n s nlis sion
Us e r Se Ⅳ e rfo rtheInte r n ete xp即im e nt
･
I
I
.千
-
.
-
I
.
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∴
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Fig. 5-3 Diagr a m o川1 e SySte nl u s ed LbrtheI--te r n ctc xl) e rim e nt
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Fig.5-4 Re spo nde ntorthelnte m et e xpe rim e nt
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(ヱ)Inte r n ete叩 e rim e nt
Re spo nde nts c o n sisted ofundc rgT
･
adu ate stude nts a nd gr adu alc stude nts ofthe
Fa c ulty or I
-To rtic ultu rcin Chiba Ulliv e rsily･ T he r equ e st m ails oftll e expe rim e nt
vヽ e t
･
e s e ntby u singthe m ailinglist orthe Fa c ulty of )lotlic ultu r e･ T hc m ails w e r e
se nttwic e o nJa n u a ry28a nd Febr u a ry20､20021 Atotalof
､
60studentspa rlicipatcd in
the e xpe rim e nt. 24 of 60re spo ndents w e re w o m e-- a nd 36or 60-
･
e spo ndc nts w e r e
m e n. We u s edtw o W W Ws c rvc rsin whichthe syste m sTorl-elntcr--et e xpe rim e nt
w e l
･
CillStalled.
Thepr o c edu r e ortheInte r n ete xpe rim e nt w a s m o stlythe s a m e a sthelabor ato t
･
y
e xpe rim e nt. T he w ebpage ro rtheInte r n et e xpc rim cnt c o n sited ortheintr odu ctio n
pagede s c ribilgthe e xpe rim e nいhe page fo r ev alu atingtht
･
e eim age s orviewpointI-
the pagerbr e v alu atingthre eim age s orvie wpoi-ll4, a ndthe page fo r r c c o rdinglhc
info m l atio n oF re sponde nts. Tn the intr odu ctio n page､ the objective s alld tll C
pr o c edu re ofthe c xpe rim el-I W e r ede s c ribed brielly･ Resp() ndc nts w e re able to
dowllo ad VR MLbrowse r a nd to pr a ctic etll e OPe r atiol Or VR M L bro w s e rin tllis
page befo re sta rting the e xpe l
.im e nt･ W he n a statュ butto n w as clicked, the s e c o nd
page sho w nin Fig･ 5-5 w a sdisplayed o nthe m o nito rs orr e spo nde nts1 1nFig･ 5
-5, the
il-っage s Ortl-r e e stin- tlliorvie wpoil-II w et
.
e pl
･
e S e ntedi- orde r or Pl- oto, Static, aI-d
Walk一丁hrough･ Re spo nde nts w e r e a sked to m a rk lhc v∂)uc or imprc b ､i(川 Ol
､
e ach
im age a c c o rdingto8adje ctive s on s even s c ales. ln the c ;lS C ()rWil k-
●
[11 rO ugh)
I
m age s.
re spo nde nts m a rked the v alu e or impr e s sio n or im age a c c o rding lo e ach adjccliv c
alte r w alkil唱 thr o ughthe nl Odcledga rde n･ 8pairs or bipola r 之Idjc cLiv c s u s ed in the
Inte r n ete xpc rim c nt w e re sho w nin Table 5
-1. 7 or 8pairs or bipoJa-
.
adje ctive s w c r c
f
the s a m e a sthelabo r ato ry e xpe rim e nt. ∧(1er RIlishing c v alu ati()-1 0rthre eim age s,
re spo nde nts w e re als o a sked to s ele cl the ]cvcl or re ality ol
､
thre e slim uli･
Rc spo ndc nts evalu atedthelevelor-
･
e aljty oreach il-っage O n0
-
-loo s c ale･ WI- c-- a
n e xtbuuo n w a s c)iked
,
thepagefo r evalu atio n orim age s oFvicwpojnt4in ng1 5
-6
w asdisplayed. Tn thela stpage, the auributio n s o｢re spo nde nts(i.c ･ , c- m ailaddre s s,
s e x
,
age, e xpe rie n c e of V R M L) w e r e w ritte n a nd their c o mpute r cn vir o n nl C nt
(re solutio n a nd n u mbe r ofc olo r ofthedisplay, the siz e ofthedisplay, clo ckspeed of
tll e CPu, a nl O ullt Orlll elll O ry, etC.) w a s che cked. Fin ally, whe n a s ubn-itbulto ll W as
clicked
,
the e xpeJ
･im e ntre s ults w e re re c o rded o nthe s e rve r a uto m atic a)Jy.
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Fig･5･5Ex a mple ofthe w ebpage forthelnte m etexperim ent ofvie 叩 O l nt1
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Fig. 5-6 Ex a mple ofthe w ebpagefo rthelnte r n et e xperim e ntofvie wpoint4
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5･3.3 Ana)ysis
ln this study, the re s ults of both the labo r ato ry e xpe rim e nt a nd the lnte r n cl
e xpe rim ent w el
･
e an aly7･ed slalic all)/ withpronle an alysis a nd A NOV^ a n alysis･ T he
p-
･
orl e a n alysis a nd AN OV Aa n al)iSis we r edo -1 eba s ed o nthe m e a n s c o re sfor e a ch
im age of allr e sp() nde nts. Pr of
l
tlc a n alysis w as u s ed to e x a mine the e v a)u atio n
cha r a cte ristic s ofe a ch stil -lu s a c c o rdingto e a ch adje ctiv e. AN OVA a n a(ysis w a s
us edto e x a min eirthe r eis signific a ntdiffer e n c e sbctw e c nthe me an s c ()r e s ore a ch
stim u)u s.
5･4 Ev alu atio nbyExpe rts
l-- o rde rto k11 0 Who w c xpeI
･
tS evalu ate the V R M I- iI¶agC, W e ∩- ade the
qu c sLio n n air e show I一inFig. 5- 7.
On Octobe r2003
,
w edistributedthe C D forthe s u r v eyto graduate stude nts or
Ha r v a rd De sign Scho ola nd M rrin Bo sto n, U SA, a nd w e s e nt the r equ e st m ailsto
the m enlbe rs of
､
A m e ric a nSo ciety of i,aI-ds c ape Ar chilc ctu rc(AS LA)by usingthe
m ai)inglist oftheAS LA .
We askedr e spolldelltStO W ritetll eirinlI) r e S Sio n o nll OW VR M L i111 age W a s u s ed
o nla nds c apede sign aftcl
.
e xpe rie n cingthe V R ML walk-thr o ugh.
■
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5.5 Re s ults a nd dis c u s sio n s
5･5･1 Labo r atorye xpe rim e nt
(1)Pr ofile analysis
Tle r e sults of
､
the pr of
-
I c a n alysis ortht
･
e e stim uliatro しHI Vie wpoints are sho w--
●
in Fig･ 5-8･ T he pr of
l
l e oTe a cll Slim u]u sal e a ch viewpoint w a s c alc ulated ba s ed o n
lhc m e a nsco r e s ora)1re spo nde nts a c c o rdingto22pair s oradjccliv c s.
t
T he e a ch pJ
･
Orl e oFthre e stim ulie xhibited a sinlia-
･
c valu alio npaue r nFr o m
● . ■ . ●vie wpoint1to viewpoint4･ Ol- e Ofthe re a s o n s oi
一
the simila r evalu atio npatte r n w a s
c o n side redtobethe u s age ortl- e s a melands cape a s a stin l ulu sim age.
W tl e nthe pr or)1e s orthr e e stim uliw e re c o n lPa red atFo u r vie wpoints, Photo,
乙コ
Static, a nd Wa)k-T hr o ugl1had similarevalu atio n s c o r e s abo ut
"
r c[
v
l n ed
"
,
"
o rder ed
"
,
､ '
cle a r" and
"
light
"
･ How eve r, Static a nd Walk-Tlr O ugh had lo w e r e valu ation s c ores
abo ut hs ufrTI Cl
'
e ntgr e e n
"
,
い
vl:vid''. " n alurat
"
and
､`
m oist
H
tha nPhoto･ T hro ugh the
c o m 7TlentS O nthe e xpe rim e nt, it w a s J
.
lldJ
-
c atedthat s o m e r e spo nde nts reh that the
v olu m e ofthetre e sim u)ated inStatic and Walk/｢hr o ugh w as n ots umcie nt･
Walk-Thr o ugh had higher s c o re s abo ut
=dy11 a mic
"
tha nPhoto a nd Static. It w a s
e xpe ctedthat re spo nde ntfelt
"dyn amic
" from a nim atio nim age s or Walk/Thr o ugh
a nd re)I "static
' 'rr o m staticim age s orPh()1o a n (I Static.
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Fig. 5
1S Re s ults of thepr ofile a nalysis ofthr e e stim uliinthelabo r atorye xperim e nt
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(2)Thelevelofr e aJity ofthre e stim uJj
Fig･ 5-9 sh() w sthe m e a t- s c o r e oFthelcvcIく-rre ality o｢thr e e stim uliatfo u r
t
Vl e WpOl ntS･
Whe nthe valu e s orthT･e e Stim uli from Viewp()i--tIto Vie wpoint4 in Fig･ 5-9
w e r e c o mpal
.
ed
,
it w asLbu nd that the leve】 orre ality of
-
e a ch thr e e stim uliw a s
e v alu atedsi mi lary atfo u r vie wpoints. The)evclofr c atity o壬
､
stim uli w asinthe order
ofthe Photo
,
Walk-Thro ugh, and StaLic･
AN O VA a n a)ysis w a s u s edto e,T( a lpine .iigniゴ
I
I C a nldirFe rell C e Sbclw c c nlhc m e a n
v壬IJu e s of e a ch stim u]us･ ^s a res ult, signirL C allt differenc e s(p<0.05) w e r e m o stly
ro u nd betw e e nthe m e a n v alu e s ore a chstim ulu s orallvie wpoints andav e rage.
■■p hoto匡召static 田園walk-thro ugh - P<0.01 + P<0.0 8 S: Sta ndard dovlatJo n
Fig. 5-9 The)c v clofre tl】ity orthr e e stim uliinthe)abo ralo ry e xpc rim c nt
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5.5.2 lmte rJ) et ‡pe rim e nt
(1)Pr ofile a n alysis
T he re s ults ofthepr ofile a n alysis of thre e stim uliat tw o vl e WPOlntS a r e Sho wn
in Fig･ 5
1 0. The pr ofile of e ach stim ulus w asba s ed o n the m e a n s c o r e s of all
re spo Tlde nts a c c o rdingto8paJ rS Ofadjectiv e s.
T he pr ofiles ofe achthr e e stim ulie xhibited a similar e valu ation pattem attw o
vl e WPO l ntS. Whe nthepr ofiles ofthr e e stim uliw e r e c o mpar edat2 vie wpoints, Photo,
Static
,
aJld W alk-T hr o ughhad si mi lar e v alu atio n s c o r e s abo ut
"
o rde r ed
"
a nd
"
u n obstructed
"
. Ho w ever, Static and Walk-T hr o ughhad low e r evaluation s co res
abo ut "s ufrlCie ntgr e e n
"
,
=
ple a s ant
"
,
"
n atu T aJ
'' tha nPhoto. T his r e s ult m ayindic a(ed
thatStatic and Walk-T hr oughw e r eper c eivedto bele s s abunda ntvegetatio n oftha n
Photo. W alk-T hr ough has higher v alu e abo ut
"
u n obstru cted
"
,
"dyn amic
"
,
"
thr e e-dim e n sio nal
"
, and
"
go od r e c ognitio n of lo c atio n oftr e e s
"
than Photo and
Static.
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(2)T heIevelofre ality ofthr e e stim lIZi
Fig1 51 1 shows the m e a n s c o r e ofThele v el orr e alit), orthre e stim uliat tw o
vie wpoints.
W lel-the eva]u alioll V a一u e oFthr ee stim uli betw e cll Vie wp()in11 a nd Vie wpoint
4in Fig･ 5-)1 w as c o n lpa r ed. tllele v cJ()fr c ality ore a cl- stilTl u shadsimila r v alu e at
both vie wpoints. T he orde r oI
､
thr e e stim tlliJbr the ]c v cl or I･e aJity w a s Photo,
Walk-T hr o ugh, a nd Static.
We u s ed AN OVA a n alysisLo ex a min esignirl C a nldirre e nces betw e en the lll C a n
●
valu e s ofe a ch stim ulu s. As a r e s ult, signiflc a nldi.fTeI
･
e n C e S(p<0.Ol) w e re m o stly
fo u nd betw e e nthe nl ean Values ofe a cll Stim ulu s atboth vie wpoints.
t
V(e wpointl VJewpoint4
■ photo EE2]static 匹団 wa(k-thro ugh
+ + p<o.o1 S:Sta nda rd de v[atlon s
Fig.51 1 Theleve)ofr e a)Styofthre e stim u)iintheInte r n ete xpe rim e nt
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5.5･3 Co mpa riso n oftbe r e s ults oftI) e)abo r ato ry expe rim enta ndthe
lmte r n etc叩 e rim e nt
(1)Profile an alysis
We c o mpar edthepr ofiles ofthe e stim uliof both thelabo rato ryexperim e nta nd
theJnle r n et e xpe n m e Llt attw o Vie wpo i nts. T he T e S u】ts ofvje wpojntI w er e sho w r)in
Fig. 5-12. 7pairs ofadjective sw ere co m m only u s edinbothe xperim e nts.
lnFig. 5
1 2
, thepr ofiles of thr e e stim uli betw e e nthelabo r ato rye xpe rim e nt a nd
theInte m et e xpe rim entsho w simi lars c oresfor al)adjectiv e s. This r e s ultshow edthat
re spo nde nts hadsimila rfe elingin boththelabo r ato ry e xperim e nts a nd the hte m et
e xperim e nts. Fig. 5-1 2 als o sho w sthat the pr ofile s of thre e stim uliofthe hte m et
e xperim e nt w e r e slightlyhighertha nthatofthelabo r ato rye xpe rim e nt.
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(2)Thele v elofr e alityoftbr e e stim uli
We c o mpar ed the r e s ults ofthele v el ofr e ality ofthr e e stim uli betw e e nthe
labo r ato ry e xperim e nt and theInte m et e xpe rim e nt. T he r e s ults sho w nin Fig･ 5
-13
w er ethe aver age s c o r e s of thetw o vt e wpo L ntS･
T he level of r eality of allthr e e Stim uli has higher valu ein the Inte r n et
e xperim e ntthanin the)abo r atorye xperim e nt･ Amo ngthre e stim uli, thediqeren c e of
Walk-T hr o ughw a sthela rge st.
In thelnte m et e xperim e nt, thelevelofr eality of Walk-T hr o ugh w a 5alm o stthe
s a m evalu e of Photo, whe r e a sin thelabo r ato ry e xperim e nt, thele v elofr ealityof
w 山k-T hr o ugh w a s c o n side r ably low er than the le v el of r e ality of Photo･ The
differ e n c e m aybe c a u s ed bythepr e s e ntatio n m ethodof W alk
-T hr o ughim age･ W hile
W d k-T hr o ughim age s alo ng pr edete rmin edc o u rs e sw er epr e s e nted in thelabo r ato ry
e xperim e nt, r e spo ndents wal ked 丘e elythr o ughthe m odeled garde nin r eal-tim ein
thelnte m etexperim e nt.
Follo w l ngC O m m e ntS S up portedabo v e re a s o n :
"
W 山k-T hr o ughallo w ed u sto ha v e abird
'
s eye view andto a c c e s sthe pla c e
wher e w e c an n ot s e ein Photo
"
and
"
walk-thr o ughsim ulatio nin m odeled ga rde n
helpedust mder staLld the stru ctu r e and the cha r a cteristic s of thela 皿dscape･
' '
8
紳
助
乃
仰
翰
伸
助
加
柑
0
P hd o Static Wan - T hrt)叫h
□ hht〉柑tO ry 4[nte met
Fig･ 5･13 Co mparis o n of thele v elofr eality ofthe stim uli in boththelabo r ato ry
e xperim e nt a nd thelnte r n et e xperim ent(the a v e r age s c o r e s of viewpointl
and vie wpoint4)
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(3)C hara cteristic s ofadje ctive s
lntll elabo rato ry alldlhclntc rn ete xpe rim e nts. bipolar adje ctiv e sha v e si mi lar o r
difre e nt evalu atio n s c o r e sfo rl'hoto a nd Walk- Tll r O ugh.
r
llC r e s ults w e r e sho w nin
Tablc5-2.
Itlthelabo rato ry e xpe1
･il11 e nし)lvebipola r adjecLiv c shadthedin-
'
e r ellt e v alu atio n
sc ore s･ Tn the labo r ato ry e xpc rinl e nし l
'holo a nd Walk-T hr o tlgh had the differ e nt
evaltlatio n s c o r e s abo ut ､ Ldyn a mic
IStatic
'､
.
Table 512 Bipola r adje ctive s which ha v e simila r o rdilrc ctlL ev alu atio n s c()r e sFo r
Photo a nd Walk-T hr o ugh inthelabo rato ry a ndthelnte r n ete xpe rim c nt･s
Ev atu ati○
I.._I㌔.I.■~.､車■
Expe rim e nt
Simiー Differe nt
Lab
c○mf○什able - u n c o mfo什abTe
fHe ndly - unfrie∩dly
○pen- c1○さed
re6ned - u n refin ed
varied - m ○nd○n ○u S
harm o nio us- discclrda ∩t
pdished
- u npoliShed s uficie ntgree n- insu冊cie ∩t9re en(○)
refTe Sh ing- depre ssing vivid. duTI(o)
c卓fm - r e stleS S n atuT8ト ertif 由1(○)
○rdeTed - ch aotic m ○tSト dry(0)
cfe○r - m e s sy
u n obstru cted- obStTU Cted
iーgh トhea
8ttT8 Ctiveー U n attr8 Ctive
Impres siv e- u ∩impTe S Sive
ple8 S帥t- U nPIe8$8nt
tw ケdim en Sion阜トthTe e-dim enSio n 8ー
dyn a mic . St8tic(～)
Inte rn et
Ordered - ch早otic
S u印c始∩t9re e n- in S ufficentgr
ple 8 $ 8nt
- u nPー e a s 8 nt
n 8tur8ト 卓巾ficねー
u n ○bstru cted- obstru cted
tw ケdim e n Sion 8トthre e-dirn e n Si○neT
go od rec喝niti叩 Of I00 8ti○n oftre es-
p○○r rec ognitio 巾 Oft○c %ti○∩ oftr e es
dyn8mtC- 紬ttc(')
(○) walk一丁
-
IlrO ugllllad to w el
･
eValu atio-1 S C Ol･C Sl-allPIOt()･
(*) Walk-
'
=lr O ugh lad highcT
･
CVflTu alion scoresthan Pholo･
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5.5.4 Ev alu atio nbyExperts
Mo st ofthe e xpe rts who pa rticipatedin the su r v eyindic atedthat VlミM l･ is
v e ry u s eful fわrde m o n slr alingdesign s olutio ns to clie nts a nd fo r u s einpr e s e ntation s
lola rgegro ups･ T heir a n s w e rs w e re sho w nin Table5
13･
Tat)IeSIS Ev alu atio n of
-
VR M L im agebyc xpc rls
Na m e Ge nder Age ExpeT
'ien ceProfessio tlow yoLJ C aTILJS CVR叫l. o nlarld与印 Pedesi%nT
Car rie
Mako v er
F 5 ト No
rctiTed
plan n cT十
gTadu封著
of la ndscap-
d亡ゝign
s¢ho ol
My imprじ与ゝ★O nis Lhat VR M T. w ouldbぐ 叫
u sc州 br dcmonStratin% dcsi%TI S Olutio n tゝo
in山vidual c一心tゝ
†
TorサSC 巾 pTC …ーt atO nStO
1ar%cgm tp与十 a nd i巾 rCVl¢W and dcv clopnlCnl nr
thcpTOjcctbyits血 iゝgncT.ーulinkthataslo n
yo= hvca 血c cntc o nlPulcr 抑dcoTlnC Ctio nT けs
a u ぐゝru tO叶 but of
-
ct) i)TS C十 d叫 Sn
'
t la
placc or
叩
w 山kin% thT Ou帥
■†
a la ndSc ap
Perso n.
Do n na
F 5 ト No
♀mdしlatC
student i
ーc o uldn'trmkcthcpro昔T 抑 ､ 川 Tkin 15min utcs
ortryー ng★ Couldn
l
t r1島uT{O Ut th号 buLLCInST thc
m o use rn ov e m ents. r caTL Se CtHs w oLJld be
Lilbo m landscape uscnJlrbr c o nsidcTing dcsignS in 3L)T butthc
ar chite cture ha nd m ovcrncnts aTe nOt SClf-e vide nt, a nd the
d★TCCtions w c 相中relけ hardto bー=o
St叩hc
Er vin
M 51- Ⅵ:s
ProfeSsoT
tnd小i
scho ol
V くーML is vcryTmPOrtn nt n)T C叫 uー atinSdyn 叩iーc
pmp∬い¢ゝ - m O VCnl C n tthro ugh, or. itnd 小 川､ 仙¢
litn tIS亡叩C,
'C抑 叫d† 叩im 如iく川与† nrC n Ot 巾ヽ
aヽti 油clory,_
sin cc thcy do n ot lm Vi 山
u北 r-diT ∝t¢tln avi%t1ioTl, hcqu州ty oT 心 l小rm阜
nnd iーghLin% 岬 m OSt VミーM い ゝ lo o c mdc
I
so mヾ
十
quすーiLutivc cv a]u al加 .ゝ V7くM いs o｡け 斗
.
vicvvltlg
1
Systcm; in dcsi即 W C 汁h) 巾¢¢小 け
.
phci鴨
.
† Or
ー
cdi山 さ
†
SyStCm . it Sho uM 如恥 Cn
asVTミML vicwl n%十
Juliellen
Salver
ド 31_40 Ⅵ:s
Urban ー w o山d iーk¢to sc¢ 叫l抑 - V与c≠ 恥 Wじ1l恥 斗3U
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5.6 Co n clu sio n s
lnthis cll aPte r, tO C O nrl r nlthe v alidityorthc u s e orV RM いm age s as 之I Slilll u]us
fo rla nds c ape a s s e s s m e nte xpc rim c nt, w c c o ndu clcd lands c叩e a S S C S S m C nLb()Lh illthe
labo rato ry and ontheInter n et withLhrc c slim uI)
'
rorl ℃Pl
･
C S C nlinglhcla ndscape(i. cI
Photo
,
static
,
W alk/rhr o ugh)by s e m a ntic difrc c ntia) m ethod. T he r c s ulLs orthe
labot.aLory e xpe rim cllt a nd the lnte r n ct e xpe rim e nt w e re a n aJy7.ed with pr orI c
a n alysis a nd w e r e c o mpa red･ We als o m adethequ estio n n air eto kn o wh() w e xpe rts
e v altl atethe V R MI. 一 ilTl agebyしISi11glntc r n cし
Jnbothe xpe rilll e ntS,thepr orl e ofthre e stim ulisho w edsimila r s c o T
･
e S.
'
TlCIcvcl
of reality w asin the o rde r orthe photogr aphs, w a一k
-thr o ugh inl agC S, alld stat]
'
c
im age s･ 1n theInte r n et e xpe rim e nt, thelevelorre a=ty ore ach stim uJu s w a shigher
than tl- atin the】abo r ato ry･ Tn pa rtjc uJa r, the)eve)ofr e ality of Walk
/rhr() ugh inlhc
Inte r n et e xpe rim e nthad alm o st the sam e valu e a sPhoto. T he s ere s ults show edLhal
the VR M L im age s c a nbe u s ed a s a n effe ctiv e stim ulu sfo rla nds c ape a s s c s s m c nt
botll 011theInte r n et a nd intl-elabo r atory.
~
l
､
ll C r e s ults als oilldic atedtll at re SPOlldc nts
t
.
ealiz ed ga rde nla nds c ape s e a sily by w alk-thr o ugh sim ulatio n u sing the VR M I-
syste m. By thela nds c ape a s se s m e nt o nthe ∫ntern et, w e als o c o nfhled that the
system developed in this study e n ab一ed emcie ilt a nd e c o n o m )
'
c al distl･ibutio n of
70
que stio n n air eLo m a nyr e spo nde11s.
Tn the evalu atio nby e叩e rls, nl O St e XPel
･
sindic atedthat the system developed
by u sing V R M Land C GIc a nbehclpfu) fo rpe ople lo e xpe rie n c elhc c o n c er)I ofthe
vis u aleffe cta ndtheba sicide a ofthcde sign.
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Chapte r6
Se rve rSide Ge n eratio n ofV RM L
6.I [ntr odu ctio n
Intllis chapte r, w ede v elopedtw ola nds c ape vis u aliz atio n syste m s whiche n able
s e r v eJ
I
Side ge n e r atio-1 0F VRMl- pr ogra m sby u singC Gl '1 nd Pl三R L. We n a m edtw o
syste m sV R-Te rr ain a nd Fo r e st- Make r o nthe w eb. V R/re rr'
r
lin c o nvcTIs lll C a S u r Cd
c o ntr olpointdata orte rr ain a ndpla ntdatato VR M Lpr ogranl Which w a sしIS Cdinthe
la nds c ape sim ulation ()r Chapter 3. I
:
or cst- M akcl･ gC n C ratC S VR M Lprogt
･
a m of
simple fo re stla nds c ape. 1n the s e syste m s, a u s e r c a n e a siJy ge n e r ate '1 Va riety or
la nds c apesbycha nging pa r a m ete rs orthc s oftw a r e s o nthetntel
･
n et,
6.2 Se r v er sidegc n c r atio n of V R M Lprogr a m s
'
rhe s erve r side ge n e ratio n ofV RMI.. pl
･
Ogl
･
a m SW a sdo n ebythe l
■
em Ote S erVC rヽ
a nd the m ode一e rs w e r e wriue nil ∫)ヒlミ1., - T'al.とI111 CIc l
･
Lq WC rCinput o n w ebp王1gC S a-1d
■
tra n sfe rr edtothe m odele r sth7･o ugllC GT. Fig. 6-7 show stllCJl r O C Cdし-r C()rSCrV C rSidc
ge n e r atio norV R MLprogra111SbyC (ilalld1
-E RL･
W hile pr()gr a m mingin VR M いspo s sible o n a st之I nd
- aI() n c c() mpulc r, the s c rvc r
●
side gener atio nof VR MI, progr an lSll aS s om e advaTltagC S･ 13yl･lC S e rver Side systc nl S,
u s e rsdo n
'
l n e ed a ny s oftw a r e o ntheir side. Be c a u s ethe systc711 S arc Sho w ni-i the
w eb page s, m a ny pc op)c c an ac c es sthe syslc m s () nthe7ntc n lCt. ^tq lhc s e r v e r side
syste m s arc administrated bytheho st c o mpute r, updating a ndpr oviding n e w v e rsio n
ofthe syste m s a re alw JVSP()S Sib]e.
Us e r Se n Je r
Fig.61 PI
､
O C Cdulte OrS eT･vC r Sidege n eration ofV RMT,pr ogra111 S
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6.3 Se r v e r side syste m s a ndste r e o vie w
6.3.I V R- Te r r ain
V RITel･rain. which w as e xplain ed in C hapte r2, e n able sthe sim u)atio n or a
la nds c ape. We als odc v elopcd VR
JTe rr ain ofa s e r v e r side s ortw a rcby C GI a nd
PE R L. W iththis s oftw a r e, u s eJ
･
C a nfr e elyde sign a sm all-s c alela nds c apeoraga rde n
o r aparko llthelllte I
､
n et.
lnFig1 612,the m e n u ofVR/relT ainis show n･ V R/Te rr ain c o n sistedortheinput
partorterrainpa r a nl ete rS, theinputpa rtol
'
tc rr aindata a ndpla ntdata･
1n thepa rt ofte rr ain par a m ete rs, u s e r sinput the n umbe rofgrid, m e sh inte rval,
●
a nd s o o n. Byte rr ain pa ran -ete rsinputb), u s e r s, v a rio u stype s or 3 Ds u rfa c e m odelor
事
tel.raill W e r e Vis u aliz ed. tntheinputpa rt oFte r rain data, topogI
･
aPhic al data, which
w e re c o o rdill ate S OFc o ntr olpoints, w ere re c o rded o 【11tle W ebpage of
､
dir c c1y･ Plallt
data s u ch a s spe cie s, lo c atio n ofpla nts o rde n sity orplants, height, width a nd
dia n l et r Of
､
tr u nk(us u allyatbl
､
C a Stlleigllt)we r e als o rec o rdedthe s a m e w ay,
Whe n atr ansfわr m butto llW a spu shed a鮎rinputtingthe data orala nds c ape･
r
V RITe r r ain c o n v erts the s epla ntdata a nd c o ntr olpoilltdata ofte rr al
'
n to vR MT･
progr a m ofla nds cape onthe s e r v e r. La nds c apeim ageby VR M Lw a sbr o w s edo nthe
m ollito rs oru s c rs a s show nin Fig6
-2.
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Fig. 6-2 Me n u of V R
-Te rr ain o nthe Web and anim age m ade fr o mthe data･ T he
l nPutdata o npla nts a ndte rrain ar epa stedo nthe m enupage andtheim age s
a r e m ade.
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6.3.2 Fo r e st- M ake r
Fo re sトM ake rge n e r ate sVRMLprogra m orsimplcfore stlands c apebys cle cting
pa ra m eters o npla nt a ndte rr ain. T he m e n u orFo r e sトMake r, which c o n sited orthe
pa rt orte rr ainpa ra m eters a ndthepa rt ortre epa r a m et rs,is sho w nin Fig･ 6-3･
In the pa rt orte r rain pa r a m ete rs, a u s e r c a n cho o s erl V ePa r a m ete rs () n
topogr aphy s u ch as sc ale, m aJY height a nd s c ale, n u mbeT
･
Ofhils
,
Llu clu atio n a nd
tc xtu -
-
e i)
/
pe orte r rain. ln the pa rt oftre epa r a m ete l
･
S
,
a u s e r C a n S elc cl Fo u r
pa ra m cte l
.
S S u ch a stre e spe cies, the lunlbe r ofthetr e e,gr owth(tre e age)alld a rr a nge
(ho wto s et tr e e s o ntel
･ ･
ai11).
Whcn a m ake Fo r e st btluO n W a sPu shed, s m aH rore sl!a nds c apeinl age W a s
bro w s edo nthe m o nito rs a s sho w ninFig6-3･ ^ user can walkthr o ughthe silm lJated
la nds c apein the futul
･
e . Altho ughthe e x a mple or fo r e st m ake ris v ct
･
y simple, this
illte r a Ctive m ethod or m akinglandscapes c a nbe applied to de sign orpa rks a nd
adnlillistI･atioll Or fbr e st､
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Fig. 613 Me n u ofFor e st- M aker o nthe Web and a n e x a mpleim age･ Pa r a m ete rs of
topogr aphy,tr e e specie s a nd n umbe r ofthetr e e s a r e spe ci[l edo nthe men u
a ndim age s ar e m ade.
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6.3.3 Ste r e o vie w
withste re ogla ss e s(E L S A
4
3 D R EVE R AT O R) a nd gr aphics c a,a which
s uppo rted the ste r e ogla s s e s(E LS A G L A DI C), wal k-thr o ughwi thste r e o vie w w e r e
po s sible a s sho w n in Fig. 64 (Hirou chi, 2 001)･ ln the c as e of ste reo viewing,
co rto n a
5
(par allelGr aphicsln c.)w a s u s eda sV RM L brow s e rwith hte m etExplo r e r
(M icr o s oR)o nWindow 98. Co rto n a c a nbe us eda sfre e w a r e aJld the e n virorL m e ntOf
ste re ovie w c a nbe built v e ry e c o n o mic ally･ By the ste r e ovie w, m o r e r e alistic
w alk-thr o ughe xperie n c eispo s sible･
Fig. 6-4 Ste r e o vie wfo r r ealistic wal k-throughexperie n c e
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6.4 Co n clu sio n s
By u siI唱 VR M Land C Gf, w cde v elopedthelands c ape v ]
.
s u aliz atio n syste m s
whichrun both o n sta nd-a】o n c a nd o nthe s e rve r. T he s oflw a r e slike VRJ｢c TT ain and
Fo r e st- M ake r w e reprimitiv ebut they sho w ed the po s sibility oruLiliz･atio n orthis
■
kind oftechniqu einthefutu re. ln the adv a n c edsyste m s, c o mplic atedobjc cls willbe
u s eda nd n u mbe r orpa r a m etc r s will bein c r e a s edto m ake m o re r e alisticim age st
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Chapter7
Su m mary a nd Outlo ok
7.I Su m m a ry
T heimpr o v e m e nti c o mputerte chnolog ya nd digtalpla nt n 1 0deling e n abled
pl1 0tO -r e alistic a nd highqu alitysim uJatio n of la nds c apeby3D C G･1nthe -- e xts上er) of
the la nds c ape vis u aliz at
･io n
,
w alk-thr o ugh a ninlation or r e a) tinl C r C ndcT
･illg Of
la nds c apew e r cde sir eda nd applic atio n orVRte chnjqtlC W a s C O IISide reda s o ne ofthc
s olutio llS.
T he obje ctiv e ofthis study is to de v elop a la nds c ape vis u a)iz alio n syste m
c apable ofw a)k
-through sim ulatio n sby u sillg V R M Landto c o nf7 m til efe a sibility
oftll e Syste m O lltl e W W W. Ill O rde rto sil ¶ulate av ariety or la nds c ape s, w e a一s o
111 adepla ntim agedataba s e a s ap rtofthe syste mbyu singA M ^ P, wllich is a syste n1
●
tllatPr odu c e shjgIIPr e cisio n3 Dplantst-ape s･
Withthe de v eloped syste m, w e sim ulatedthe .la nds c ape of a s m allga rde nin
Chiba Univet･sity a ndthelallds c apc ofKoishika w a Ko r aku c nGa rdensill () rde rI()
c o nrtr mthe applic ability orlhc system aslalds c ar) cvis u ali7･alio nto ol･ Tn thc s c c a s e
studie s
,
r e al-tim e r e nde ring of the lalldscapcs w a sr)os sib]e a-1d w a11く-Ill-
.
O ugh
sim ulatio71inthe m odeledga rde n sw a sve ry s m o otll. W ithther)]a ntI
'
m agcdaLaba s c,
w e w e r e als o ab)e to sim ulate n ot o n)y the pr e s e ntlallds c apc buta一s othe rulul
･
C
lallds c ape e a sily
We added se v er aJ .ru n ctio ll StO the VR M r, syste m fo rtll C Sim ulatio n or
la rge-s calefo r e stla nds c ar)e s a nd devcloped a ror c st7alldsc ape vis u aJi7･ atio n syslc m･
Jn o rde rto c o nfir mthe fe a sibi一ity oftllis fo r e stla nds c apevisu al]
'
z atio nsyste m, w e
vis u aliz edtll efo re stla nds c apeor Chichibu Expe rim e ntal Fo r e st or Tokyo Unive rsity
withtho u s a ndsto te n s oftho u s a nds oftr e e s. Wc als o sim ulated a va riety ()r fo re st
la ndsc ape s a l】dsho w ed ho wthis systel ¶ C al一be u s edto si111 ulatethe ctl a-1ge S OFibl
･
e St
一a nds c ape stll at a r e C a u s ed a s a r e s ult orll atu r alpr o c e s s e s o r l¶ a11- m ade pr o c e s s e s
s u ch a sp】a11ting, thinllilg, a nd la Ⅳ e Stillg. Tlr O ugh the r e al-ti111 e r e ndc ril唱 Or 3 D
inlage S With this fo r est la ndsc apc visu aliz ation syste m a nd its c apability fo r
w alk-thr o ugh sim ulatio ll, W e We r e able to r e a一iz efo r e stla nds c ape sintuitively. ln
addito n
,
throughthe c o mpa ris o n oFthe photogr apllicim age s withthe C G im age s
79
gene ratedbythe system , w c wel
･
e ableto conrlrm the a c c u r acy ofthc rccorde (Idata.
In o rde rto c o nfir mthe v aLidity ofVRML im age s a s a stim u)u sfot
･ la ndsc ape
a s s e s s nl e nt e XPe rim ellし w e c o ndu cted la nds c ape a s s c s s m ellt botllin theJabo r alo ry
alld o nthe lnte r n et. ln both e xpe rim e nts, wJ
.
th thr e e m edia fo r r epr es enting tlle
la nds c ape(photogr apllS, Staticim age s ofthe VR M IJ Syste m a nd w alk-th7
･
O ugh im age s
by the VIM Lsyste m), w e r e c o rded r e spo nde nts
' impr c s sio n s oFea ch s c e n eby
s e m a ntic diffe re ntial m ethod. We a sked r e sp() ndc nts to r ate the lcvet ofr eality to
which e a ch ofthr e e m edia r epr es entedthe r e aH a nds caT) C. As the r e s ult, in both
e xpel
･inl e ntS, the pr oLIJesofthre esti-Tluishow sim l
'
1a rs co re sfo r a)1adje ctive s, a nd
thelevel or-･eality w asil-the o rde rorthe p】1 0tOgraPllS, W alk一 触
t
o tlgh illl age S, alld
staticim age s･ Tn theInte r n etexperinle nt,thelevelofre ality ofw alk-tlr
･
O ugh im age s
evaluated alm o stthe s a m e a sphoto, wll erC a Silltl elabol
･
atO rye XPC rim e叫 Ihe一e v el
of r e aJity of w alk
-tlll･O ugh w a s c o n side r ably lo w e rtha n I
)hoto. T he dirre e n c e
betw e e nboth e xpe rim e nts might be c a u s ed by the pres c ntaliotl m ethod or
wal k-tl-r o ugh im age. T he r e s ults indic ated that wal k-through im age s u s ed in the
Inte r n et e xpe rim e nt helped re spo nde nts u nde r sta nd the stru ctu r e a nd the
cha ractel･istics orthelandscape. The re s ults or la nds c ape a s s e s s m ellt O 【1†l eI11te r】1 et
als o sho w edthat the V R M Lsyste m e n abled effT)cie nta nd e c o n o mic a一distributio n of
qtle Stio nll air eto m a-1yrC SPO ndells.
ln this study w edeveJ()pedthe VR M IJ System Whichshow edgo o (IIICrr() r m a ll C e
a s ala-1ds c ape vis u aTi7.at]
'
o nto ola nd a)a nds cape as s c s s nl entto o一() nlhclntcr n cL W c
illdic atedLhc nlethodof bui]dinga V Rsyste n lby u sing V R MT, with v e rylo w c o st. .
●
7.2 Outlo ok
Toimpr o v etheV R M Lsyste m, w e s ugge st:ro‖o wl
'
ng w o rksro rfutur e w o rk.
;】
Tle V R M Lsystel¶ha s only a simple G UT. As aFしげthe r e xpalSioll 0｢tII C
fu n ctio n ofthe syste m, m or es ophistic ated GtJljs c o n side r ed. By adding G U T, the
syste m c a nbe mor e e asily u s ed a s aCAD syste m fbT
･ 3 D de sign of )a nds c ape
vistlaliz atio n.
A databa s e of 2 Dpla ntim age s m adeinthis studyha s m o stlys u m m e rinl ageS Of
I)1a nts･ By addingpla ntilll age S Or †bur s e as() n s m adeby A MAP, s e a s oll alctl allge OF
la nds c ape will be vis u aliz ed.
Fo rthe fa st r e nde ring of 3 Dpla nts, w e u s ed o nlyte xtu r e m ar)ping of 2T)p]a nl
im ages o ntw o p)a n e sin this study. T his m ethod is v e ry effe ctiv efo rvis uaJi7.ing a
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s m all- s c alela nds c apebutisha sdifTIC utlyfo r vis u alizingalat
･
ge-s c ale]a nds c ape witll
m ol
･
e tha nte n s oftho u s a nds ofpla nts･ To sim ulate alarge
- s c alela nds c ape,dilTe rent
pla nt im age s in r e s ()1utio)ifo r a Single spe cie s c a nbe u s ed･ Fo r c x a mplet
high
-I
.
e S Olutio n plal-t im age s c a nbe u s e (I in the n e a rvie w ot
､
a sc e n e, a--d
lo w-r e s olutionpla l-tin 一age S C a nbe u s ed irュthefa r vie w･ By u singdilrc e ntr e s olution
●
le v els ofplantim age, w e c a nde c r e a s e r e nde ri gtim e of la rge
- s c alelal-ds c apein r e al
linl e. To r edu c e co mputingtinl e, Pla ntsin the fa r vie w c a nbc als o e xpr c s s cd a s a
te xtu r e o ntlletCrr aill.
VR M Lo nlys uppolls shadingbutdo e s n ots uppo rtr el-de ringte chniqu e s s ucha s
r ay tr a cing a nd shadowing that a r eimpo la nt fo r photo
-T e a)istic la nds c ape
● ■ ■ ■ ●
vis u aliz atioll. Fo r adv a n c ed r e al-tim ela ndsc ape vis u aliz atio n, a high-pe ro l
.
m a n C e
gl
･
aPhic】jbra rylike Djr e ctX wil一be u s ed inthefutu r e･
8 1
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briTlf
■■
<｢O R M ACT (ON - ¥
‖
Sthisurl-Y
"
M I-/ n fOD =Sm cthod>Yn‖こ
print
"
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":
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‖
;
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･
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こ
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r
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1
"
･
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一
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1
1= p://1co .h .chiba-u .a c.jp/timY
' -
>h ur)∫/leo.h.china- u.nc.ip/hm <l
'
^>ク リ ック して
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I)l
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.
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■■
こ
pnn l
"</T:O R M>yn
"
;
print
"
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'
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こ
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"
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,
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.
"
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‖
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):loc al(
ir(SllO ur < 10) (
Sho ur=
"0Sho ur";
i
ir(Smin < lO)i
Smin - ‖0Smin川;
i
汀(Sscc< 10)(
Ssec= .rOSsec' ':
‡
｡≡三:書喜蓋謹告,viL-_;I.. :t=--I-,-I;.:;7-三…二葉二_:-" _ i.5s｡ こら-.
}
subn ec°
_
1n之Iil(
ir((雷mym al eq
‖
川
&pritlしC 汀()r(
■■
i
i
if:･;
一
芸吉
=
=主:Lミ話手妄1_i
~
妄す ｡ -.
s ubne ed
_
c o u nti~- se oul-l ニ 26;
[oc al(Sm)I,Sid_ Svalue)こ
く ださい . '');
rol.(Sid~; n;SKI<- Scou nt:Sid-i- +)1(
Smy -
"
mySid
"
:
… ニ
'
{;:_
-
1
t三.詫ニー
:- I ∴~-S:
-I" - V 二～ 十
､
･
三主ミ:
-
I
-
.
q
l:.
;
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:
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･
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i
sub)le ed
_
c o u n 12(
‡c o u nt = 53;
loc aJ(Sm),,Sid, Svalu e);
ror(Sid - 27;Sid <- Sc o unl;Sid+ +)(
Sm)I : I
‖
mySid
- I
;
SrorlTl〈Smy)= &n orm__i叩Ilt(Srorm(Smy†);SvaLu e= SfbrmlSm JV);
去…=
--
:
I
-
,
;i
;
;
-
t
T:
I=
=
;
_-享=三芸 U J享=_ 入±ミ:･_i.1_ て -:. 訂 __ - 要そ ー Ttタ ン を芦 _ て く だ ≡ .: :
"
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i
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print
■●
しo n t亡Il ･lyr)cI Lc.u/ 仙IlYn
‖
:
prinl
‖
¥n
■■
;
prir'L
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"
:
prinl
‖
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‖
;
r)ril t
"
<トI L ∧t)>Yn
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1)Tint
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こ
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:
print
''
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"
;
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■■
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print
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‖
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二
prinl
"
</Cl三N
'
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ー
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■■
こ
e xit(0);
i
sub init
_ _
ru r nlI
Local(Sq"c[)･
･
, @asゝoc aTTay､S ss oc･ Srn -PCIly, Sviluc､ Scharc odc､ Sm じIhod)こ
Schar c o(lc - S
_rOl:
Sm ethod - ST:N V(
'
R F･QUl:Sr
_
M f:i T1()I)'I:
Sm ethod ニ ー t〟A- Z/a- 〟;
ir(SnlCLhod cq
l
po st
'
)1'
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'
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'
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)elsei
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)
T
r
y
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'
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- SPlil(/良/･ SqueT･y);
ro reachSass oc(
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･
()I)I;rry､驚 調 i至u=l,Sassoc);
‡value ニ ー tr/+/ /;
Svalueニ ー S/%([∧-ドa -rO1 9)r^ -ド,1- m -9])/pack(
‖
C
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.
he x($7))/じg:
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'
c o nve rl('v ahle.Sch.1T･c Odc);
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i
i
∴~: ‥
~
:
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=
'.
L
I:て二
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～stringニ ー s/
"
/ &qtl()I,/g;
Sstring
- -
･
S Lゝrir唱 = - ･
Sゝ Lring = -
Ss Lring = -
Sslring = -
;…三主II;-I=:
一
二
s/〃&叱/g;
s/>/&glJg:
s/,/&# 4 4:/A:
s/:Yr¥nNTl/g;
s付r/¥11/gこ
s/Yn:Y:n/<hr> <bl->/A;
srYn/<hr>/gこ
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'
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